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oreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
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Introduction

Specifications Rec. ITU-T X.680 | ISO/IEC 8824-1, Rec. ITU-T X.681 | ISO/IEC 8824-2, Rec. ITU-T X.682 |
ISO/IEC 8824-3, Rec. ITU-T X.683 | ISO/IEC 8824-4 together describe Abstract Syntax Notation One (ASN.1),
a notation for the definition of messages to be exchanged between peer applications.

This Recommendation | International Standard defines encoding rules that may be applied to values of types defined using
the notation specified in Rec. ITU-T X.680 | ISO/IEC 8824-1. Application of these encoding rules produces a transfer
syntax for such values. It is implicit in the specification of these encoding rules that they are also to be used for decoding.

There are more than one set of encoding rules that can be applied to values of ASN.1 types. This Recommendation |
International Standard defines a set of Packed Encoding Rules (PER), so called because they achieve a much more

compact representation than that achieved by the Basic Encoding Rules (BER) and its derivatives described in Rec.
ITU-T-X.690 ! ISQ/EC 8825-1 which is referenced for some parts af the cpnr‘ifir‘afinn of these Packed Fnrnding ules.

vi Rec. ITU-T X.691 (02/2021) © ISO/IEC 2021 - All rights reserved
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1

Information technology —
ASN.1 encoding rules:
Specification of Packed Encoding Rules (PER)

Scope

This Recommendation | International Standard specifies a set of Packed Encoding Rules that may be used to derive a
transfer syntax for values of types defined in Rec. ITU-T X.680 | ISO/IEC 8824-1. These Packed Encoding Rules are also
to be

The ¢

2

The f

con

st

were

Recommendation | International Standard are encouraged to investigate the possibility of applying the most recent ¢
of thg
Intern
ITU-T

2.1

2.2

N
of]

ppplied Tor decoding such a transter syntax In order to 1dentity the data values being transterred.

ncoding rules specified in this Recommendation | International Standard:
— are used at the time of communication;

— areintended for use in circumstances where minimizing the size of the representation ofvalues is the
concern in the choice of encoding rules;

— allow the extension of an abstract syntax by addition of extra values,-preserving the encg
of the existing values, for all forms of extension described in Rec. ITU-T X/6860’| ISO/IEC 8824-1,;

—  can be modified in accordance with the provisions of Rec. ITU-T X.695NSO/IEC 8825-6.

Normative references

bllowing Recommendations and International Standards contain provisions which, through reference in thi
tute provisions of this Recommendation | International Standard>At the time of publication, the editions ind
valid. All Recommendations and Standards are subject to%revision, and parties to agreements based o

Recommendations and Standards listed below. Members'of IEC and ISO maintain registers of currently
ational Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently]
- Recommendations.

DTE — This Recommendation | International Standard s based on ISO/IEC 10646:2003. It cannot be applied using later vg
this standard.

Identical Recommendations [Ninternational Standards

—  Recommendation ITU<F3X.680 (2021) | ISO/IEC 8824-1:2021, Information technology — Abstract §
Notation One (ASN.1): Specification of basic notation.

— Recommendation, ITU-T X.681 (2021) | ISO/IEC 8824-2:2021, Information technology — Abstract §
Notation One(ASN.1): Information object specification.

—  Recommendation ITU-T X.682 (2021) | ISO/IEC 8824-3:2021, Information technology — Abstract §
Notatign.One (ASN.1): Constraint specification.

— Recommendation ITU-T X.683 (2021) | ISO/IEC 8824-4:2021, Information technology — Abstract §
Netation One (ASN.1): Parameterization of ASN.1 specifications.

+\’~Recommendation ITU-T X.690 (2021) | ISO/IEC 8825-1:2021, Information technology — ASN.1 eng
rules: Specification of Basic Encoding Rules (BER), Canonical Encoding Rules (CER) and Disting

major

dings

text,
cated
n this
dition
valid
valid

rsions

yntax
yntax
yntax
yntax

oding
ished

(DER)

d PNH Rl
LITCUUITTyY TXUICo (JLTN ).

— Recommendation ITU-T X.695 (2021) | ISO/IEC 8825-6:2021, Information technology — ASN.1 encoding

rules: Registration and application of PER encoding instructions.

NOTE — The references above shall be interpreted as references to the identified Recommendations | International Standards
together with all their published amendments and technical corrigenda.

© ISO/IEC 2021 - All rights reserved

Additional references

— ISO/IEC 646:1991, Information technology — ISO 7-bit coded character set for information interchange.

— ISO/IEC 2022:1994, Information technology — Character code structure and extension techniques.

— ISO/IEC 2375:2003, Information technology — Procedure for registration of escape sequences and coded

character sets.
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— IS0 6093:1985, Information processing — Representation of numerical values in character strings for
information interchange.

— ISO International Register of Coded Character Sets to be Used with Escape Sequences.
— ISO/IEC 10646:2003, Information technology — Universal Multiple-Octet Coded Character Set (UCS).

3 Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply.

3.1 Specification of Basic Notation

For the purposes of this Recommendation | International Standard, all the definitions in Rec. ITU-T ;X680 |
ISO/IEC 8824-1 apply.

3.2 Information Object Specification

For the purposes of this Recommendation | International Standard, all the definitions incRee. ITU-T X|681 |
ISO/IEC 8824-2 apply.

3.3 Constraint Specification

This Recommendation | International Standard makes use of the following terms)defined in Rec. ITU-T X|682 |
ISO/IEC 8824-3:

a) component relation constraint;
b) table constraint.

3.4 Parameterization of ASN.1 Specification

This [Recommendation | International Standard makes use*of the following term defined in Rec. ITU-T X|683 |
ISO/IEC 8824-4:

— variable constraint.

3.5 Basic Encoding Rules

This Recommendation | International Standard makes use of the following terms defined in Rec. ITU-T X|690 |
ISO/IEC 8825-1:

a) datavalue;

b) dynamic conformanee;

c) encoding (of@-data value);
d) receiver;

e) sender;

f) static conformance.

3.6 RER Encoding Instructions

This Recommendation {memationat—Standard akes use of the fotfowing term definedm Rec. 1TU-T X.695 |
ISO/IEC 8825-6:

— identifying keyword.

3.7 Additional definitions
For the purposes of this Recommendation | International Standard, the following definitions apply.

3.7.1 2's-complement-binary-integer encoding: The encoding of a whole number into a bit-field (octet-aligned in
the ALIGNED variant) of a specified length, or into the minimum number of octets that will accommodate that whole
number encoded as a 2's-complement-integer, which provides representations for whole numbers that are equal to, greater
than, or less than zero, as specified in 11.4.

2 Rec. ITU-T X.691 (02/2021) © ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=2954e20c6690279d0e5c004c4061c35a

ISO/IEC 8825-2:2021 (E)

NOTE 1 — The value of a two's complement binary number is derived by numbering the bits in the contents octets, starting with
bit 1 of the last octet as bit zero and ending the numbering with bit 8 of the first octet. Each bit is assigned a numerical value of 2N,
where N is its position in the above numbering sequence. The value of the two's complement binary number is obtained by summing
the numerical values assigned to each bit for those bits which are set to one, excluding bit 8 of the first octet, and then reducing
this value by the numerical value assigned to bit 8 of the first octet if that bit is set to one.

NOTE 2 — Whole number is a synonym for the mathematical term integer. It is used here to avoid confusion with the ASN.1 type
integer.

3.7.2 abstract syntax value: A value of an abstract syntax (defined as the set of values of a single ASN.1 type),
which is to be encoded by PER, or which is to be generated by PER decoding.

NOTE — The single ASN.1 type associated with an abstract syntax is formally identified by an object of class ABSTRACT-SYNTAX.

3.7.3 bit-field: The product of some part of the encoding mechanism that consists of an ordered set of bits that are
not necessarily a multiple of eight.

NOTE — If the use of this term is followed by "octet-aligned in the ALIGNED variant”, this means that the bit-field is requfred to
begin on an octet boundary in the complete encoding for the aligned variant of PER.

3.74 canonical encoding: A complete encoding of an abstract syntax value obtained by the application.of endoding
rules |that have no implementation-dependent options; such rules result in the definition of a 1-1 mapping befween
unampiguous and unique bitstrings in the transfer syntax and values in the abstract syntax.

3.75 composite type: A set, sequence, set-of, sequence-of, choice, embedded-pdv, external-oy Unrestricted chgracter
string type.

3.7.6 composite value: The value of a composite type.

3.7.7 constrained whole number: A whole number which is constrained by RER-visible constraints to lie within a
range|from "Ib" to "ub" with the value "Ib" less than or equal to "ub", and the valugs of "Ib" and "ub" as permitted vialues.
NQTE — Constrained whole numbers occur in the encoding which identifies the €hosen alternative of a choice type, the lefgth of
chiracter, octet and bit string types whose length has been restricted by PER-visiblé constraints to a maximum length, the cgunt of
the number of components in a sequence-of or set-of type that has been restricted by PER-visible constraints to a maximum number
oflcomponents, the value of an integer type that has been constrained by PER-visible constraints to lie within finite minimym and
maximum values, and the value that denotes an enumeration in an enumerated type.

3.7.8 effective size constraint (for a constrained string.type): A single finite size constraint that could be applied
to a byiilt-in string type and whose effect would be to permit all and only those lengths that can be present in the constfained
string type.

NOTE 1 — For example, the following has an effective size' constraint:

A ::= IA5String (SIZE(l..4) | SIZE(10.715))
since it can be rewritten with a single size constraint that applies to all values:
A ::= IA5String (SIZE(1..4 | 104.15))

wiereas the following has no effective size constraint since the string can be arbitrarily long if it does not contain any chafacters
other than 'a’, 'b' and 'c":

B ::= IA5String (SIZE(1l:<4) | FROM("abc"))

NQTE 2 — The effective size gonstraint is used only to determine the encoding of lengths.

3.79 effective permitted-alphabet constraint (for a constrained restricted character string type): A pingle

permitted-alphabet constraint that could be applied to a built-in known-multiplier character string type and whose feffect

would be to permit atl ‘and only those characters that can be present in at least one character position of any one pf the

valueg in the constrained restricted character string type.
NOTE 1 - Farexample, in:

Ax\p<= IA5String (FROM("AB") | FROM("CD"))

Bx: ::= IA5String (SIZE(1..4) | FROM("abc"))

NOTE 2 — The effective permitted-alphabet constraint is used only to determine the encoding of characters.

3.7.10 enumeration index: The non-negative whole number associated with an "Enumerationltem" in an enumerated
type. The enumeration indices are determined by sorting the "Enumerationltem™s into ascending order by their
enumeration value, then by assigning an enumeration index starting with zero for the first "Enumerationltem”, one for
the second, and so on up to the last "Enumerationltem™ in the sorted list.

NOTE - "Enumerationltem"s in the "RootEnumeration™ are sorted separately from those in the "AdditionalEnumeration”.

3.7.11  extensible for PER encoding: A property of a type which requires that PER identifies an encoding of a value
as that of a root value or as that of an extension addition.

NOTE - Root values are normally encoded more efficiently than extension additions.

© ISO/IEC 2021 - All rights reserved Rec. ITU-T X.691 (02/2021) 3
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3.7.12  field-list: An ordered set of bit-fields that is produced as a result of applying these encoding rules to components
of an abstract value.

3.7.13  indefinite-length: An encoding whose length is greater than 64K-1 or whose maximum length cannot be
determined from the ASN.1 notation.

3.7.14  fixed-length type: A type such that the value of the outermost length determinant in an encoding of this type
can be determined (using the mechanisms specified in this Recommendation | International Standard) from the type
notation (after the application of PER-visible constraints only) and is the same for all possible values of the type.

3.7.15 fixed value: A value such that it can be determined (using the mechanisms specified in this Recommendation |
International Standard) that this is the only permitted value (after the application of PER-visible constraints only) of the
type governing it.

3.7.1¢—Rrowrn-muitipiier Tharacter String type: A TeStTiCed Character String type WiTeTe the Tumer of OCtEts]in the
encoding is a known fixed multiple of the number of characters in the character string for all permitted character string
valuep. The known-multiplier character string types are IA5String, PrintableString, VisibleStlring,
Nume}icString, UniversalString and BMPString.

3.7.1T length determinant: A count (of bits, octets, characters, or components) determining the,leéngth of part|or all
of a HER encoding.

3.7.1 normally small non-negative whole number: A part of an encoding which represénts values of an unbopinded
non-riegative integer, but where small values are more likely to occur than large ones.

3.7.19 normally small length: A length encoding which represents values of an-unbounded length, but where|small
IengtIs are more likely to occur than large ones.

3.7.2 non-negative-binary-integer encoding: The encoding of a constrained-or semi-constrained whole numbegr into
eithena bit-field of a specified length, or into a bit-field (octet-aligned in the"¥ALIGNED variant) of a specified length, or
into the minimum number of octets that will accommodate that whole number encoded as a non-negative-binary-ipteger
which provides representations for whole numbers greater than or equahto zero, as specified in 11.3.

NQTE — The value of a non-negative-binary-number is derived by numbeéring the bits in the contents octets, starting with it 1 of
the last octet as bit zero and ending the numbering with bit 8 of the-fifst octet. Each bit is assigned a numerical value of 2N,|where
N|is its position in the above numbering sequence. The value, 0f’the non-negative-binary-number is obtained by summing the
nUmerical values assigned to each bit for those bits which are-Set to one.

3.7.21  outermost type: An ASN.1 type whose encoding is included in a non-ASN.1 carrier or as the value of| other
ASN.L constructs (see 11.1.1).

NQTE — PER encodings of an outermost type are-always an integral multiple of eight bits.

3.7.22 PER-visible constraint: An instance of use of the ASN.1 constraint notation which affects the PER endoding
of a vplue.

3.7.23 relay-safe encoding: A _complete encoding of an abstract syntax value which can be decoded (including any
embeflded encodings) without knawledge of the environment in which the encoding was performed.

3.7.24  semi-constrainedwhole number: A whole number which is constrained by PER-visible constraints to exceed
or equial some value "Ib"awith the value "lb" as a permitted value, and which is not a constrained whole number.

NOTE — Semi-constrained whole numbers occur in the encoding of the length of unconstrained (and in some cases constifained)
z i i ained)

ng an
Her the
actual set arlthmetlc belng performed is such that the final value of the eIement set is mdependent of the actual element
set value assigned to the reference name.

NOTE — For example, the following definition of Foo is textually dependent on Bar even though Bar has no effect on Foos set of

values (thus, according to 10.3.6 the constraint on Foo is not PER-visible since Bar is constrained by a table constraint and Foo is
textually dependent on Bar).

MY-CLASS ::= CLASS { &name PrintableString, &age INTEGER } WITH SYNTAX{&name , &age}
MyObjectSet MY-CLASS ::= { {"Jack", 7} | {"Jill", 5} }

Bar ::= MY-CLASS. &age ({MyObjectSet})

Foo ::= INTEGER (Bar | 1..100)

3.7.27  unconstrained whole number: A whole number which is not constrained by PER-visible constraints.
NOTE — Unconstrained whole numbers occur only in the encoding of a value of the integer type.
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4 Abbreviations

For the purposes of this Recommendation | International Standard, the following abbreviations apply:
ASN.1 Abstract Syntax Notation One
BER Basic Encoding Rules of ASN.1
CER Canonical Encoding Rules of ASN.1
DER Distinguished Encoding Rules of ASN.1
PER Packed Encoding Rules of ASN.1

16K 16384

32K 32768

48K 49152

64K 65536
5 Notation

This Recommendation | International Standard references the notation defined by Rec. ITU-T.X%680 | ISO/IEC 8824-1.

6 Convention

6.1 This Recommendation | International Standard defines the value of each:actet in an encoding by use of thefterms
"mos{ significant bit" and "least significant bit".

NOTE — Lower layer specifications use the same notation to define the order of bit transmission on a serial line, or the assignment
offbits to parallel channels.

6.2 For the purposes of this Recommendation | InternationakStandard, the bits of an octet are numbered ffom 8
to 1, Where bit 8 is the "most significant bit" and bit 1 the "least significant bit".

6.3 The term "octet” is frequently used in this Recommendation | International Standard to stand for "eight|bits".
The use of this term in place of "eight bits" does not carryany implications of alignment. Where alignment is intengled, it
is exglicitly stated in this Recommendation | International Standard.

7 Encoding rules defined in this Recommendation | International Standard

7.1 This Recommendation | International Standard specifies four encoding rules (together with their assofiated
object identifiers) which can be used-to*encode and decode the values of an abstract syntax defined as the values of a
singlg (known) ASN.1 type. Thisclause describes their applicability and properties.

7.2 Without knowledge ‘of the type of the value encoded, it is not possible to determine the structure of the endoding
(under any of the PER encading rule algorithms). In particular, the end of the encoding cannot be determined from the
encoding itself without-Knowledge of the type being encoded.

7.3 PER encadings are always relay-safe provided the abstract values of the types EXTERNAL, EMBEDDED POV and
CHARACTER STRING are constrained to prevent the carriage of OSI presentation context identifiers.

7.4 The-most general encoding rule algorithm specified in this Recommendation | International Standgrd is
BASIlC-PER, which does not in general produce a canonical encoding.

7.5 A second encoding rule algorithm specified n thiS Recommendation | International Standard is
CANONICAL-PER, which produces encodings that are canonical. This is defined as a restriction of implementation-
dependent choices in the BASIC-PER encoding.
NOTE 1 — CANONICAL-PER produces canonical encodings that have applications when authenticators need to be applied to
abstract values.

NOTE 2 — Any implementation conforming to CANONICAL-PER for encoding is conformant to BASIC-PER for encoding. Any
implementation conforming to BASIC-PER for decoding is conformant to CANONICAL-PER for decoding. Thus, encodings
made according to CANONICAL-PER are encodings that are permitted by BASIC-PER.

7.6 If a type encoded with BASIC-PER or CANONICAL-PER contains EMBEDDED PDV, CHARACTER STRING Or
EXTERNAL types, then the outer encoding ceases to be relay-safe unless the transfer syntax used for all the EMBEDDED
PDV, CHARACTER STRING and EXTERNAL types is relay safe. If a type encoded with CANONICAL-PER contains
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EMBEDDED PDV, EXTERNAL Of CHARACTER STRING types, then the outer encoding ceases to be canonical unless the
transfer syntax used for all the EMBEDDED PDV, EXTERNAL and CHARACTER STRING types is canonical.
NOTE - The character transfer syntaxes supporting all character abstract syntaxes of the form {iso standard 10646

level-1(1) ....} are canonical. Those supporting {iso standard 10646 level-2(2) ....} and {iso
standard 10646 level-3(3) ....} arenotalways canonical. All the above character transfer syntaxes are relay-safe.

7.7 Both BASIC-PER and CANONICAL-PER come in two variants, the ALIGNED variant, and the UNALIGNED
variant. In the ALIGNED variant, padding bits are inserted from time to time to restore octet alignment. In the
UNALIGNED variant, no padding bits are ever inserted.

7.8 There are no interworking possibilities between the ALIGNED variant and the UNALIGNED variant.

79 PER encodings are self-delimiting only with knowledge of the type of the encoded value. Encodings are always
a multiple of eight bits. When carried in an EXTERNAL type they shall be carried in the OCTET STRING choice alternative,
unles$ the EXTERNAL type itself is encoded in PER, in which case the value may be encoded as a single ASN.1 type
(i.e., @an open type). When carried in OSI presentation protocol, the "full encoding” (as defined in Rec. ITU-T, X226 |
ISO/IEC 8823-1) with the oCTET STRING choice alternative shall be used.

7.10 The rules of this Recommendation | International Standard apply to both algorithms and to both*variants yinless
otheryvise stated (but see 9.2 and 9.3).

7.11 Annex C is informative, and gives recommendations on which combinations of PER to’ implement in orfler to
maximize the chances of interworking.

8 Conformance

8.1 Dynamic conformance is specified by clause 9 onwards.

8.2 Static conformance is specified by those standards which spetify the application of these Packed Endoding
Rules.

NOTE — Annex C provides guidance on static conformance in relation to support for the two variants of the two encodirjg rule
algorithms. This guidance is designed to ensure interworking, whilé’recognizing the benefits to some applications of encpdings
that are neither relay-safe nor canonical.

8.3 The rules in this Recommendation | Internatiopal*Standard are specified in terms of an encoding procgdure.
Impldgmentations are not required to mirror the procedure specified, provided the bit string produced as the complete
encoding of an abstract syntax value is identical to ang)of those specified in this Recommendation | International Stgndard
for thp applicable transfer syntax.

8.4 Implementations performing deceding are required to produce the abstract syntax value corresponding fo any
receiVyed bit string which could be produced by a sender conforming to the encoding rules identified in the transfer yntax
assocjated with the material being deceded.
NOTE 1 — In general there are no-alternative encodings defined for the BASIC-PER explicitly stated in this Recommendation |
International Standard. The BASIC-PER becomes canonical by specifying relay-safe operation and by restricting some |of the
encoding options of other ISO/IEC Standards that are referenced. CANONICAL-PER provides an alternative to bgth the
Distinguished Encoding Rutes and Canonical Encoding Rules (see Rec. ITU-T X.690 | ISO/IEC 8825-1) where a canonidal and
relay-safe encoding is reguired.
NOTE 2 — When CANONICAL-PER is used to provide a canonical encoding, it is recommended that any resulting encrypted hash
value that is derived from it should have associated with it an algorithm identifier that identifies CANONICAL-PER [as the
trgnsformation-from the abstract syntax value to an initial bitstring (which is then hashed).

9 PER encoding instructions

9.1 PER encoding instructions can be associated with a type in accordance with the provisions of Rec. ITU-T X.680
| ISO/IEC 8824-1 and Rec. ITU-T X.695 | ISO/IEC 8825-6.
NOTE 1 - The application of some PER encoding instructions can make it impossible to encode all the abstract values of the type.
Where this can arise, the specific PER encoding instruction identifies the problem. It is a designers decision, based on the possible
need to use multiple encoding rules, whether to add an explicit constraint on the type in order to restrict the range of abstract values
to those that can be handled by the encoding using the PER encoding instruction. This can make the specification less readable,
but ensures that all encoding rules can encode all allowed abstract values, making relaying possible without errors.

NOTE 2 — Each PER encoding instruction starts with an identifying keyword that unambiguously identifies that encoding
instruction.

9.2 If the ALIGNED version of either BASIC-PER or CANONICAL-PER is in use, then all PER encoding
instructions shall be silently ignored and have no affect on the encoding.
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If the UNALIGNED version of either BASIC-PER or CANONICAL-PER is in use, then if a type has an
associated encoding instruction, the following subclauses shall apply.

If the identifying keyword is not known, then a "not supported" error message shall be issued.

If the identifying keyword is known, the procedures of this Recommendation | International Standard shall be
modified by the amendments to those procedures that are specified by the PER encoding instruction (see Rec.
ITU-T X.695 | ISO/IEC 8825-6).

NOTE 1 - If multiple PER encoding instructions are associated with a type, then the amendments specified for all of them shall be

plied.

NOTE 2 - It is an error in the register of PER encoding instructions if amendments produced by two or more separate encoding
instructions conflict and it is not stated that they are mutually exclusive.

10

10.1

10.1.]
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10.1.7
type g
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10.3.]
10.3.3
10.3.1

Theapproachtoencodingused-for PER

Use of the type notation

These encoding rules make specific use of the ASN.1 type notation as specified in Rec. ITU-T X

In particular, but not exclusively, they are dependent on the following information beingretained in the A
nd value model underlying the use of the notation:

a) the nesting of choice types within choice types;

b) the tags placed on the components in a set type, and on the alternatives-in a choice type, and the
given to an enumeration;

c) whether a set or sequence type component is optional or not;
d) whether a set or sequence type component has a DEFAULT.Value or not;

(only);
f)  whether a component is an open type;
g) whether a type is extensible for PER encoding.

Use of tags to provide a canonical order

Recommendation | International Standard-requires components of a set type and a choice type to be canon
bd independent of the textual ordering of the components. The canonical order is determined by sorting the oute
each component, as specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 8.6.

PER-visible constrajnts

DTE — The fact that some ASN.I constraints may not be PER-visible for the purposes of encoding and decoding does not
y affect the use of suchconstraints in the handling of errors detected during decoding, nor does it imply that values vi
Ch constraints are allowed-to be transmitted by a conforming sender. However, this Recommendation | International St
kes no use of such.eonstraints in the specification of encodings.

Constraints(that are expressed in human-readable text or in ASN.1 comment are not PER-visible.
Variable' constraints are not PER-visible (see Rec. ITU-T X.683 | ISO/IEC 8824-4, 10.3 and 10.4).
User-defined constraints (see Rec. ITU-T X.682 | ISO/IEC 8824-3, 9.1) are not PER visible.

FC 8824-1, and can only be applied to encode the values of a single ASN.1 type specified using’that notation|

680 |

SN.1

alues

e) the restricted range of values of a type which arise through the application of PER-visible consfraints

ically
rmost

inany
lating
ndard

10.3.

Table canstraints are not PER-visihle (cpp Rec ITU-T X 682 ! ISONUEC RR?A-’%)

10.3.5  Component relation constraints (see Rec. ITU-T X.682 | ISO/IEC 8824-3, 10.7) are not PER-visible.

10.3.6

not PER-visible (see Rec. ITU-T X.682 | ISO/IEC 8824-3).

10.3.7

clause 41) known-multiplier character string types are not PER-visible (see 3.7.16).

10.3.8  Pattern constraints are not PER-visible.

10.3.9  Subject to the above, all size constraints are PER-visible.

©
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10.3.10 The effective size constraint for a constrained type is a single size constraint such that a size is permitted if and
only if there is some value of the constrained type that has that (permitted) size.

10.3.11 Permitted-alphabet constraints on known-multiplier character string types which are not extensible after
application of Rec. ITU-T X.680 | ISO/IEC 8824-1, 52.3 to 52.5, are PER-visible. Permitted-alphabet constraints which
are extensible are not PER-visible.

10.3.12 The effective permitted-alphabet constraint for a constrained type is a single permitted-alphabet constraint
which allows a character if and only if there is some value of the constrained type that contains that character. If all
characters of the type being constrained can be present in some value of the constrained type, then the effective permitted-
alphabet constraint is the set of characters defined for the unconstrained type.

10.3.13 Property setting constraints on the time type (or on the useful and defined time types) which are not
extensible after the application of Rec. ITU-T X.680 | ISO/IEC 8824-1, 52.3 to 52.5, are PER-visible. Property setting
constfaints which are extensible are not PER-visible.

10.3.14 Constraints applied to real types are not PER-visible.

10.3.15 An inner type constraint applied to an unrestricted character string or embbeded-pdv type is PER-visibl¢ only
when| it is used to restrict the value of the syntaxes component to a single value, or when itVis used to restrict
identification to the £ixed alternative (see clauses 28 and 31).

10.3.16 Constraints on the useful types are not PER-visible.
10.3.17 Single value subtype constraints applied to a character string type are not PER>visible.

10.3.18 Subject to the above, all other constraints are PER-visible if and only if they are applied to an integer typ¢ or to
a known-multiplier character string type.

10.3.19 In general the constraint on a type will consist of individual constraints combined using some or all pf set
arithmetic, contained subtype constraints, and serial application of constraints. The following clauses specify the jeffect
if sonpe of the component parts of the total constraint are PER-visible.and-some are not.

NPTE - See Annex B for further discussion on the effect of combihing constraints that individually are PER-visible |or not
PHR-visible.

10.3.20 If a constraint consists of a serial application of constraints, the constraints which are not PER-visible, iff any,
do not affect PER encodings, but cause the extensibility, (afid extension additions) present in any earlier constraintg to be
remoyed as specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 50.11.

NOTE 1 — If the final constraint in a serial application.is not PER-visible, then the type is not extensible for PER-encodings, and
is ncoded without an extension bit.

NOTE 2 — For example:
A ::= IA5String(SIZE(1..4))(FROM("ABCD",...))

has an effective permitted-alphabet. ‘constraint that consists of the entire 1a5string alphabet since the extgnsible
permitted-alphabet constraint is not(PER-visible. It has nevertheless an effective size constraint which is "sIzE (1. .4)".

Similarly,
B ::= IA5String\(A)
has the same effective size.constraint and the same effective permitted-alphabet constraint.

10.3.21 If a constraint that is PER-visible is part of an INTERSECTION construction, then the resulting constrgint is
PER-Visible, and carisists of the INTERSECTION of all PER-visible parts (with the non-PER-visible parts ignored). If a
constfaint which is'not PER-visible is part of a UNION construction, then the resulting constraint is not PER-visiblg. If a
constfaint hassah EXCEPT clause, the EXCEPT and the following value set is completely ignored, whether the vallie set
followingtheé ExCEPT is PER-visible or not.

NOTEX- For example:

A ::= IAS5String (SIZE(l..4) INTERSECTION FROM("ABCD",...))

has an effective size constraint of 1..4 but the alphabet constraint is not visible because it is extensible.

10.3.22 A type is also extensible for PER encodings (whether subsequently constrained or not) if any of the following
occurs:

a) it is derived from an ENUMERATED type (by subtyping, type referencing, or tagging) and there is an
extension marker in the "Enumerations™ production; or

b) itis derived from a SEQUENCE type (by subtyping, type referencing, or tagging) and there is an extension
marker in the "ComponentTypeL.ists" or in the "SequenceType" productions; or

c) itisderived from a ST type (by subtyping, type referencing, or tagging) and there is an extension marker
in the "ComponentTypeL.ists" or in the "SetType" productions; or
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d) it is derived from a cHOICE type (by subtyping, type referencing, or tagging) and there is an extension
marker in the "AlternativeTypeLists" production.

104 Type and value model used for encoding

10.4.1  An ASN.1 type is either a simple type or is a type built using other types. The notation permits the use of type
references and tagging of types. For the purpose of these encoding rules, the use of type references and tagging have no
effect on the encoding and are invisible in the model, except as stated in 10.2. The notation also permits the application
of constraints and of error specifications. PER-visible constraints are present in the model as a restriction of the values of
a type. Other constraints and error specifications do not affect encoding and are invisible in the PER type and value model.

10.4.2 A value to be encoded can be considered as either a simple value or as a composite value built using the
structuring mechanisms from components which are either simple or composite values, paralleling the structure of the
ASNL type definition.

10.4.3 When a constraint includes a value as an extension addition that is present in the root, that val(g,is ajways
encoded as a value in the root, not as a value which is an extension addition.

EXAMPLE

INTEGER (0..10, ..., 5)
-- The|value 5 encodes as a root value, not as an extension addition.

10.5 Structure of an encoding

10.5.1  These encoding rules specify:
a) the encoding of a simple value into a field-list; and

b) the encoding of a composite value into a field-list, using the field-lists generated by application offthese
encoding rules to the components of the composite value;and

c) the transformation of the field-list of the outermost vatue into the complete encoding of the abstract yntax
value (see 11.1).

10.5.2  The encoding of a component of a data value either:

a) consists of three parts, as shown in Figure &y which appear in the following order:
1) apreamble (see clauses 19, 21 and, 23);
2) alength determinant (see 11.9);
3) contents; or

Pregmble Length Preamble Length Contents Preamble Length Contents

Contents

NOTE — The preamble{ léngth, and contents are all "fields" which, concatenated together, form a "field-list". The field-lisf of a
composite type otherithari the choice type may consist of the fields of several values concatenated together. Either the preamble,
length and/or contents-of any value may be missing.

Figure 1 — Encoding of a composite value into a field-list

b) (where the contents are large) consists of an arbitrary number of parts, as shown in Figure 2, of which the
first is a preamble (see clauses 19, 21 and 23) and the following parts are pairs of bit-fields (octet-aligned
in the ALIGNED variant), the first being a length determinant for a fragment of the contents, and the
second that fragment of the contents; the last pair of fields is identified by the length determinant part,
as specified in 11.9.

Contents
Preamble Length Contents Length Contents e Length (may be
missing)

Figure 2 — Encoding of a long data value
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10.5.3  Each of the parts mentioned in 10.5.2 generates either:

10.6

10.6.1

a) anull field (nothing); or
b) abit-field (unaligned); or
c) abit-field (octet-aligned in the ALIGNED variant); or

d) a field-list which may contain either bit-fields (unaligned), bit-fields (octet-aligned in the ALIGNED

variant), or both.

Types to be encoded

The following clauses specify the encoding of the following types into a field-list: boolean, integer, enumerated,

real, bitstring, octetstring, null, sequence, sequence-of, set, set-of, choice, open, object identifier, relative object identifier,

embe
10.6.

10.6.
in 10
accor

10.6.4

10.6.4
Rec.

Consfraints on the useful types are not PER-visible. The restrictionssimposed on the encoding of the generalizeg

and u

lded-pdv, external, restricted character string and unrestricted character string types.
The selection type shall be encoded as an encoding of the selected type.

Encoding of tagged types is not included in this Recommendation | International Standard as(except as
2, tagging is not visible in the type and value model used for these encoding rules. Tagged typésiare thus en
ling to the encoding of the type which has been tagged.

| An encoding prefixed type is encoded according to the type which has been prefixed.

The following "useful types" shall be encoded as if they had been replacedh by their definitions giy
TU-T X.680 | ISO/IEC 8824-1, clause 45:

—  generalized time;
— universal time;
—  object descriptor.

hiversal time types by Rec. ITU-T X.690 | ISO/IEC 8825-1, 11:7'and 11.8, shall apply here.

Stated
coded

en in

time

10.6.6  Atypedefined using a value set assignment shall be encoded as if the type had been defined using the prodyiction
specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 16.8.
11 Encoding procedures
111 Production of the complete encoding
11.1.1 If an ASN.1 type is encoded 'using any of the encoding rules identified by the object identifiers lisfed in
subcl@use 33.2 (or by direct textual reference to this Recommendation | International Standard), and the encodjing is
includled in:

a) an ASN.1 octetstring; or

b) an ASN.1 bitstring, or

¢) an ASN.IYopen type; or

d) any\part of an ASN.1 external or embedded pdv type; or

e)._sany carrier protocol that is not defined using ASN.1
then that ASN.1 type is defined as an outermost type for this application, and subclause 11.1.2 shall apply to all encqdings
of its katdes:

NOTE 1 - This means that all complete PER encodings (for all variants) that are used in this way are always an integral multiple
of eight bits except when the UNALIGNED variant is used and the encoding is included in an ASN.1 bitstring (case b)) above).

NOTE 2 — It is possible using the Encoding Control Notation (see Recommendation ITU-T X.692 | ISO/IEC 8825-3) to specify a
variant of PER encodings in which the encoding is not padded to an octet boundary as specified in 11.1.2. Many tools support this
option.

NOTE 3 — It is recognized that a carrier protocol not defined using ASN.1 need not explicitly carry the additional zero bits for

pa

dding (specified in 11.1.2), but can imply their presence.

11.1.2  The field-list produced as a result of applying this Recommendation | International Standard to an abstract
of an outermost type shall be used to produce the complete encoding of that abstract syntax value as follows: each field
in the field-list shall be taken in turn and concatenated to the end of the bit string which is to form the complete encoding

of the

10

abstract syntax value preceded by additional zero bits for padding as specified below.

value
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11.1.3 Inthe UNALIGNED variant of these encoding rules, all fields shall be concatenated without padding. In all the
cases of 11.1.1 except case b), subclause 11.1.3.1 applies. In case b) of 11.1.1, subclause 11.1.3.2 applies.

11.1.3.1 (The result of the encoding is not contained in an ASN.1 bitstring) If the result of encoding the outermost value
is an empty bit string, the bit string shall be replaced with a single octet with all bits set to 0. If it is a non-empty bit string
and it is not a multiple of eight bits, (one to seven) zero bits shall be appended to it to produce a multiple of eight bits.

11.1.3.2 (The result of the encoding is contained in an ASN.1 bitstring) If the result of encoding the outermost value is
an empty bit string, the bit string shall be replaced with a single bit set to 0. No padding bits shall be appended.

11.1.4 Inthe ALIGNED variant of these encoding rules, any bit-fields in the field-list shall be concatenated without
padding, and any octet-aligned bit-fields shall be concatenated after (zero to seven) zero bits have been concatenated to
make the length of the encoding produced so far a multiple of eight bits. If the result of encoding the outermost value is
an empty bit string, the bit string shall be replaced with a single octet with all bits set to 0. If it is a non-empty bit string
and it)is not a multiple of eight bits, (zero to seven) zero bits shall be appended to it to produce a multiple of eight bits.

NOTE 1 — The encoding of the outermost value is the empty bit string if, for example, the abstract syntax value is of<thenull type
orfof an integer type constrained to a single value.

NQTE 2 — Zero-length octet-aligned bit-fields can never be present in the field-list (see 11.9.3.3).

11.1.%  The resulting bit string is the complete encoding of the abstract syntax value of an outermaosttype.

11.2 Open type fields

11.2.1 In order to encode an open type field, the value of the actual type occupying,the field shall be encodefl to a
field-|ist which shall then be converted to a complete encoding of an abstract syntax&alue as specified in 11.1 to prpduce
an ocfet string of length "n" (say).

11.2.2  The field-list for the value in which the open type is to be embedded shall then have added to it (as specified
in 11)9) an unconstrained length of "n" (in units of octets) and an associated bit-field (octet-aligned in the ALIGNED
variant) containing the bits produced in 11.2.1.
NOTE — Where the number of octets in the open type encoding is large; the'fragmentation procedures of 11.9 will be used, dnd the

encoding of the open type will be broken without regard to the position of the fragment boundary in the encoding of the type
ogcupying the open type field.

11.3 Encoding as a non-negative-binary-integer

NQTE — (Tutorial) This subclause gives precision to the term "non-negative-binary-integer encoding”, putting the integerfinto a
figld which is a fixed number of bits, a field which is.a fixed number of octets, or a field that is the minimum number of|octets
nepded to hold it.

11.3.1  Subsequent subclauses refer to the)generation of a non-negative-binary-integer encoding of a non-negative
wholg number into a field which is either a bit-field of specified length, a single octet, a double octet, or the minfjmum
numbger of octets for the value. This-stibclause (11.3) specifies the precise encoding to be applied when such refefences
are mpade.

11.3.2  The leading bit of the fiéld is defined as the leading bit of the bit-field, or as the most significant bit of the first
octet Jn the field, and the trailing bit of the field is defined as the trailing bit of the bit-field or as the least significant bit
of the last octet in the field.

11.3.3  For the following definition only, the bits shall be numbered zero for the trailing bit of the field, one fpr the
next lyit, and so.on,Up to the leading bit of the field.

11.3.4 Inanon-negative-binary-integer encoding, the value of the whole number represented by the encoding shall be
the sym.ofithe values specified by each bit. A bit which is set to "0" has zero value. A bit with number "n" which is|set to
"1" has the value 2".

11.3.5 The encoding which sums (as defined above) to the value being encoded is an encoding of that value.
NOTE — Where the size of the encoded field is fixed (a bit-field of specified length, a single octet, or a double octet), then there is
a unique encoding which sums to the value being encoded.

11.3.6 A minimum octet non-negative-binary-integer encoding of the whole number (which does not predetermine the
number of octets to be used for the encoding) has a field which is a multiple of eight bits and also satisfies the condition
that the leading eight bits of the field shall not all be zero unless the field is precisely eight bits long.

NOTE - This is a necessary and sufficient condition to produce a unique encoding.
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114 Encoding as a 2's-complement-binary-integer

NOTE — (Tutorial) This subclause gives precision to the term “2's-complement-binary-integer encoding”, putting a signed integer
into a field that is the minimum number of octets needed to hold it. These procedures are referenced in later encoding specifications.

11.4.1  Subsequent subclauses refer to the generation of a 2's-complement-binary-integer encoding of a whole number
(which may be negative, zero, or positive) into the minimum number of octets for the value. This subclause (11.4)
specifies the precise encoding to be applied when such references are made.

11.4.2  The leading bit of the field is defined as the most significant bit of the first octet, and the trailing bit of the field
is defined as the least significant bit of the last octet.

11.4.3  For the following definition only, the bits shall be numbered zero for the trailing bit of the field, one for the
next bit, and so on up to the leading bit of the field.

11.4.4Tna Zs-complement-binary-integer encoding, the value of the whole number represented by the encoding shall
be thqg sum of the values specified by each bit. A bit which is set to "0" has zero value. A bit with number "n" which is set
to "1'| has the value 2" unless it is the leading bit, in which case it has the (negative) value —2".

11.4%  Any encoding which sums (as defined above) to the value being encoded is an encoding of that value.

11.4.6 A minimum octet 2's-complement-binary-integer encoding of the whole number has.a field-width that is a
multiple of eight bits and also satisfies the condition that the leading nine bits of the field shallpot all be zero ang shall
not alf be ones.

NOTE — This is a necessary and sufficient condition to produce a unique encoding.

11.5 Encoding of a constrained whole number

NOTE — (Tutorial) This subclause is referenced by other clauses, and itself referencesearlier clauses for the production of p non-
negative-binary-integer or a 2's-complement-binary-integer encoding. For the UNALIGNED variant the value is always efjcoded
inJthe minimum number of bits necessary to represent the range (defined in 11:5.3). The rest of this Note addresses the ALIGNED
variant. Where the range is less than or equal to 255, the value encodes into'd bit-field of the minimum size for the range. Where
th¢ range is exactly 256, the value encodes into a single octet octet-aligned bit-field. Where the range is 257 to 64K, thq value
encodes into a two octet octet-aligned bit-field. Where the range is gréater than 64K, the range is ignored and the value efpcodes
info an octet-aligned bit-field which is the minimum number of octets;for the value. In this latter case, later procedures (se¢ 11.9)
al§o encode a length field (usually a single octet) to indicate the length of the encoding. For the other cases, the length|of the
encoding is independent of the value being encoded, and is not:éxplicitly encoded.

11.5.1  This subclause (11.5) specifies a mapping froma constrained whole number into either a bit-field (unaligned)
or a pit-field (octet-aligned in the ALIGNED variant), and is invoked by later clauses in this Recommendgtion |
Interrfational Standard.

11.5.2 The procedures of this subclauserg-invoked only if a constrained whole number to be encoded is avajlable,
and the values of the lower bound, "Ib", andthe upper bound, "ub", have been determined from the type notation|(after
the application of PER-visible constraints).

NOTE — A lower bound cannot be-determined if MIN evaluates to an infinite number, nor can an upper bound be determined|if Max
evpluates to an infinite number. Farexample, no upper or lower bound can be determined for INTEGER (MIN. .MAX) .

11.5.3 Let "range" be defined as the integer value ("ub” — "Ib" + 1), and let the value to be encoded be "n".
1154 If "range" hasthe value 1, then the result of the encoding shall be an empty bit-field (no bits).

11.5.%  There are-five other cases (leading to different encodings) to consider, where one applies to the UNALIGNED
variant and four(to the ALIGNED variant.

11.5. Inthe case of the UNALIGNED variant the value ("n" — "1b") shall be encoded as a non-negative- binary-integer
in a bjt;field as specified in 11.3 with the minimum number of bits necessary to represent the range.

11.5.7  Inthe case of the ALIGNED variant the encoding depends on whether:
a) "range" is less than or equal to 255 (the bit-field case);
b) "range" is exactly 256 (the one-octet case);
c) "range" is greater than 256 and less than or equal to 64K (the two-octet case);
d) “range" is greater than 64K (the indefinite length case).

11.5.7.1 (The bit-field case.) If "range" is less than or equal to 255, then invocation of this subclause requires the
generation of a bit-field with a number of bits as specified in the table below, and containing the value ("n" — "Ib") as a
non-negative-binary-integer encoding in a bit-field as specified in 11.3.
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“'range" Bit-field size (in bits)
2 1

3,4
56,7,8
9to 16
1710 32
33to 64
65 to 128
129 to 255 8

~N[o(galhWIN

11.5.71.2 (The one-octet case.) If the range has a value of 256, then the value ("n" —"Ib") shall be encoded in aong-octet
bit-figld (octet-aligned in the ALIGNED variant) as a non-negative-binary-integer as specified in 11.3.

11.5.1.3 (The two-octet case.) If the "range" has a value greater than or equal to 257 and less than or equal to 64K], then
the value ("n" — "Ib") shall be encoded in a two-octet bit-field (octet-aligned in the ALIGNED variant)as a non-nedative-
binary-integer encoding as specified in 11.3.

11.5.7.4 (The indefinite length case.) Otherwise, the value ("n" —"Ib") shall be encoded as a hon-negative-binary-ipteger
in a bit-field (octet-aligned in the ALIGNED variant) with the minimum number of octets{as specified in 11.3, and the
numbger of octets "len" used in the encoding is used by other clauses that reference this'subclause to specify an engoding
of thg length.

11.6 Encoding of a normally small non-negative whole numbet.

NOTE — (Tutorial) This procedure is used when encoding a non-negative whole’number that is expected to be small, but pwhose
sige is potentially unlimited due to the presence of an extension marker. An eéxample is a choice index.

11.6.1 If the non-negative whole number, "n", is less than or equalto 63, then a single-bit bit-field shall be appgpnded
to the| field-list with the bit set to 0, and "n" shall be encoded as a‘non-negative-binary-integer into a 6-bit bit-field.

11.6.2 If "n" is greater than or equal to 64, a single-bit bit=field with the bit set to 1 shall be appended to the field-list.
The value "n" shall then be encoded as a semi-constraified whole number with "Ib" equal to 0 and the procedufes of
11.9 ghall be invoked to add it to the field-list preceded By a length determinant.

11.7 Encoding of a semi-constrained.whole number

NOTE — (Tutorial) This procedure is used wheh a lower bound can be identified but not an upper bound. The encoding progedure
plfces the offset from the lower bound into the minimum number of octets as a non-negative-binary-integer, and requires an explicit
lemgth encoding (typically a single octethas specified in later procedures.

11.7.1  This subclause specifies ajymapping from a semi-constrained whole number into a bit-field (octet-aligned(in the
ALIGNED variant), and is invoked by later clauses in this Recommendation | International Standard.

11.7.2  The procedures-of.this subclause (11.7) are invoked only if a semi-constrained whole number ("n" say)| to be
encoded is available, andithe value of "Ib™ has been determined from the type notation (after the application of PER-Visible
constraints).

NOTE — A lowef bound cannot be determined if MIN evaluates to an infinite number. For example, no lower bound ¢an be
determined forINTEGER (MIN. .MAX).

11.7.3 AThe procedures of this subclause always produce the indefinite length case.

11.7. {Fhe-indefinitelength-case)THhe-value-r——lb-)-shall-be-encoded-as-a-Ron-negative-binary-integerinla bit-
field (octet-aligned in the ALIGNED variant) with the minimum number of octets as specified in 11.3, and the number
of octets "len" used in the encoding is used by other clauses that reference this subclause to specify an encoding of the
length.

11.8 Encoding of an unconstrained whole number

NOTE — (Tutorial) This case only arises in the encoding of the value of an integer type with no lower bound. The procedure encodes
the value as a 2's-complement-binary-integer into the minimum number of octets required to accommodate the encoding, and
requires an explicit length encoding (typically a single octet) as specified in later procedures.

11.8.1 This subclause (11.8) specifies a mapping from an unconstrained whole number ("n" say) into a bit-field
(octet-aligned in the ALIGNED variant), and is invoked by later clauses in this Recommendation | International Standard.
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11.8.2  The procedures of this subclause always produce the indefinite length case.

11.8.3  (The indefinite length case.) The value "n" shall be encoded as a 2's-complement-binary-integer in a bit-field
(octet-aligned in the ALIGNED variant) with the minimum number of octets as specified in 11.4, and the number of octets
"len" used in the encoding is used by other clauses that reference this subclause to specify an encoding of the length.

11.9 General rules for encoding a length determinant

NOTE 1 — (Tutorial) The procedures of this subclause are invoked when an explicit length field is needed for some part of the
encoding regardless of whether the length count is bounded above (by PER-visible constraints) or not. The part of the encoding to
which the length applies may be a bit string (with the length count in bits), an octet string (with the length count in octets), a known-
multiplier character string (with the length count in characters), or a list of fields (with the length count in components of a sequence-
of or set-of).

NOTE 2 — (Tutorial) In the case of the ALIGNED variant if the length count is bounded above by an upper bound that is less than
64K, then the constrained whole number encoding is used for the length. For sufficiently small ranges the result is a,bif-field,
otherwise the unconstrained length ("n" say) is encoded into an octet-aligned bit-field in one of three ways (in order ofincreasing
sige):

a)  ("n"less than 128) a single octet containing "n" with bit 8 set to zero;
b)  ("n" less than 16K) two octets containing "n" with bit 8 of the first octet set to 1 and bit 7 set to zerg;

c) (large "n") asingle octet containing a count "m" with bit 8 set to 1 and bit 7 set to 1. The count 'm" is one to foyr, and
the length indicates that a fragment of the material follows (a multiple "m" of 16K items)/For all values of "m", the
fragment is then followed by another length encoding for the remainder of the materialg

NOTE 3 — (Tutorial) In the UNALIGNED variant, if the length count is bounded above by an-0pper bound that is less thap 64K,
thén the constrained whole number encoding is used to encode the length in the minimum number of bits necessary to regresent
th¢ range. Otherwise, the unconstrained length (n" say) is encoded into a bit-field in the manner described above in Note 2

11.9.1 This subclause is not invoked if, in accordance with the specificationof later clauses, the value of the length

determinant, "n", is fixed by the type definition (constrained by PER-visible constraints) to a value less than 64K.

11.9.2 Thissubclause is invoked for addition to the field-list of a field,«0r list of fields, preceded by a length determinant
"n" which determines either:

a) the length in octets of an associated field (units are octets); or
b) the length in bits of an associated field (units arebits); or

c) the number of component encodings in an.-associated list of fields (units are components of a set-of or
sequence-of); or

d) the number of characters in the valug_of an associated known-multiplier character string type (units are
characters).

11.9.3 (ALIGNED variant) The procedures for the ALIGNED variant are specified in 11.9.3.1 to 11.9{3.8.4.
(The procedures for the UNALIGNED yariant are specified in 11.9.4.)

11.9.3.1 As a result of the analysisTaf the type definition (specified in later clauses) the length determinant (a vhole
numbger "n") will have been deterfnined to be either:

a) anormally small Jength with a lower bound "Ib" equal to one; or

b) a constrainedswhole number with a lower bound "Ib" (greater than or equal to zero), and an upper bound
"ub" lesS than 64K; or

whole number with a lower bound "Ib" (greater than or equal to zero) and an upper bound "ub™ greater
than or equal to 64K.

11.9.9
of the
is no upper bound determinable from PER-visible constraints.

11.9.3.3 Where the length determinant is a constrained whole number with "ub" less than 64K, then the field-list shall
have appended to it the encoding of the constrained whole number for the length determinant as specified in 11.5. If "'n"
is non-zero, this shall be followed by the associated field or list of fields, completing these procedures. If "n" is zero there
shall be no further addition to the field-list, completing these procedures.

NOTE 1 - For example:

A ::= IA5String (SIZE (3..6)) -- Length is encoded in a 2-bit bit-field.
B ::= IA5String (SIZE (40000..40254)) -- Length is encoded in an 8-bit bit-field.
C ::= IA5String (SIZE (0..32000)) -- Length is encoded in a 2-octet

-- bit-field (octet-aligned in the
ALIGNED variant).
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D ::= IA5String (SIZE (64000)) -- Length is not encoded.

NOTE 2 — The effect of making no addition in the case of "n" equals zero is that padding to an octet boundary does not occur when
these procedures are invoked to add an octet-aligned-bit-field of zero length, unless required by 11.5.

11.9.3.4 Where the length determinant is a normally small length and "n" is less than or equal to 64, a single-bit bit-field
shall be appended to the field-list with the bit set to 0, and the value "n—1" shall be encoded as a non-negative-binary-

integer into a 6-bit bit-field. This shall be followed by the associated field, completing these procedures. If "n" is greater

than 64, a single-bit bit-field shall be appended to the field-list with the bit set to 1, followed by the encoding of "n" as an

unconstrained length determinant followed by the associated field, according to the procedures of 11.9.3.5 t0 11.9.3.8.4.
NOTE — Normally small lengths are only used to indicate the length of the bitmap that prefixes the extension addition values of a
set or sequence type.

11.9.3.5 Otherwise (unconstrained length, or large "ub™), "n™ is encoded and appended to the field-list followed by the
associated-fields-as Qpnnifind helow

NOTE — The lower bound, "Ib", does not affect the length encodings specified in 11.9.3.6 t0 11.9.3.8.4.

11.9.3.6 If "n" is less than or equal to 127, then "n" shall be encoded as a non-negative-binary-integer-(using the
procepures of 11.3) into bits 7 (most significant) to 1 (least significant) of a single octet and bit 8 shall be set to| zero.
This ghall be appended to the field-list as a bit-field (octet-aligned in the ALIGNED variant) followeehpy the assofiated
field or list of fields, completing these procedures.

NOTE — For example, if in the following a value of a is 4 characters long, and that of B is 4 items longs
A ::= IA5String
B ::= SEQUENCE (SIZE (4..123456)) OF INTEGER

bgth values are encoded with the length octet occupying one octet, and with the most significant set to 0 to indicate that the[length
is Jess than or equal to 127:

0 0000100 4 characters/items

Length Value

11.9.3.7 If"n" is greater than 127 and less than 16K, then "n""shall be encoded as a non-negative-binary-integer {using
the pocedures of 11.3) into bit 6 of octet one (most significant) to bit 1 of octet two (least significant) of a two-octet
bit-figld (octet-aligned in the ALIGNED variant) with bit'8 of the first octet set to 1 and bit 7 of the first octet set tq zero.
This ghall be appended to the field-list followed by.the associated field or list of fields, completing these procedurds.
NOTE — If in the example of 11.9.3.6 a value of ais:3:30 characters long, and a value of B is 130 items long, both values are erjcoded

with the length component occupying 2 octets,\and’with the two most significant bits (bits 8 and 7) of the octet set to 10 to idicate
that the length is greater than 127 but less than 16K.

10 000000 10000010 130 characters/items

Length Value

11.9.3.8 If "n" is gfeater than or equal to 16K, then there shall be appended to the field-list a single octet in a bij-field
(octetraligned in-the /ALIGNED variant) with bit 8 set to 1 and bit 7 set to 1, and bits 6 to 1 encoding the value 1, 4, 3 or
4 as @ non-nggative-binary-integer (using the procedures of 11.8). This single octet shall be followed by part pf the
assocjated, field or list of fields, as specified below.

NOTE —~The value of bits 6 to 1 is restricted to 1-4 (instead of the theoretical limits of 0-63) so as to limit the number of itefs that
anlimplementation has to have knowledge of to a more manageable number (64K instead of 1024K)

11.9.38.1 The value of bits 6 to 1 (1 to 4) shall be multiplied by 16K giving a count ("m" say). The choice of the
integer in bits 6 to 1 shall be the maximum allowed value such that the associated field or list of fields contains more than
or exactly "m" octets, bits, components or characters, as appropriate.
NOTE 1 - The unfragmented form handles lengths up to 16K. The fragmentation therefore provides for lengths up to 64K with a
granularity of 16K.

NOTE 2 — If in the example of 11.9.3.6 a value of "B" is 144K + 1 (i.e., 64K + 64K + 16K + 1) items long, the value is fragmented,
with the two most significant bits (bits 8 and 7) of the first three fragments set to 11 to indicate that one to four blocks each of 16K
items follow, and that another length component will follow the last block of each fragment:
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| | | |
11 000100 64K items 11 000100 64K items 11 000001 16K items 0 0000001 1item
| | | |
Length Value Length Value Length Value Length Value
11.9.3.8.2 That part of the contents specified by "m" shall then be appended to the field-list as either:

a) asingle bit-field (octet-aligned in the ALIGNED variant) of "m" octets containing the first "m" octets of

the associated field, for units which are octets; or

b) asingle bit-field (octet-aligned in the ALIGNED variant) of "m" bits containing the first "m" bits of the

associated field, for units which are bits; or

c) the list of fields encoding the first "m" components in the associated list of fields, for units which are

11.9.1
fields|
Zero.

N

a final fragment that consists only of a single octet length component set to 0.

11.9.]
is cal

11.94
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11.9.4
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11.9.4
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to 11.
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components of a set-of or sequence-oT types; or
d) a single bit-field (octet-aligned in the ALIGNED variant) of "m" characters containing the firs
characters of the associated field, for units which are characters.

8.3
to the field-list with a length which is a semi-constrained whole number equal to ("n"

The procedures of 11.9 shall then be reapplied to add the remaining part of the associated field or

DTE — If the last fragment that contains part of the encoded value has a length that is an exact mdltiple of 16K, it is folloy

8.4 The addition of only a part of the associated field(s) to the field-list with_reapplication of these procg
ed the fragmentation procedure.

| (UNALIGNED variant) The procedures for the UNALIGNED variant are specified in 11.9.4.1 to 11
rocedures for the ALIGNED variant are specified in 11.9.3).

.1 If the length determinant "n" to be encoded is a constrained‘whole number with "ub" less than 64K
'Ib™) shall be encoded as a non-negative-binary-integer (as spegified in 11.3) using the minimum number ¢
bary to encode the "range"” ("ub™ —"Ib" + 1), unless "range" ds, 1, in which case there shall be no length encod
non-zero this shall be followed by an associated field orlist of fields, completing these procedures. If "n" i
shall be no further addition to the field-list, completing-these procedures.

DTE — If "range" satisfies the inequality 2™ < "range" < 2™+ 1, then the number of bits in the length determinant is m + 1

r than or equal to 64K, or is a semi-constrained whole number, then "n" shall be encoded as specified in 11
0.3.8.4.

DTE — Thus, if "ub" is greater than or equalte 64K, the encoding of the length determinant is the same as it would be if the
re unconstrained.
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.2 If the length determinant "n" to be encoded(is a normally small length, or a constrained whole number with "ub"

.9.3.4

length

12 Encoding the baolean type

12.1 A value of the boolean type shall be encoded as a bit-field consisting of a single bit.
12.2 The bit shatl be set to 1 for TRUE and 0 for FALSE.

12.3 The bit=field shall be appended to the field-list with no length determinant.

13 Encoding the integer type

NOTE 1 — (Tutorial ALIGNED variant) Ranges which allow the encoding of all values into one octet or less go into a minimum-
sized bit-field with no length count. Ranges which allow encoding of all values into two octets go into two octets in an octet-aligned
bit-field with no length count. Otherwise, the value is encoded into the minimum number of octets (using non-negative-binary-
integer or 2's-complement-binary-integer encoding as appropriate) and a length determinant is added. In this case, if the integer
value can be encoded in less than 127 octets (as an offset from any lower bound that might be determined), and there is no finite
upper and lower bound, there is a one-octet length determinant, else the length is encoded in the fewest number of bits needed.
Other cases are not of any practical interest, but are specified for completeness.

NOTE 2 — (Tutorial UNALIGNED variant) Constrained integers are encoded in the fewest number of bits necessary to represent
the range regardless of its size. Unconstrained integers are encoded as in Note 1.

13.1

16

If an extension marker is present in the constraint specification of the integer type, then a single bit shall be
added to the field-list in a bit-field of length one. The bit shall be set to 1 if the value to be encoded is not within the range
of the extension root, and zero otherwise. In the former case, the value shall be added to the field-list as an unconstrained
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integer value, as specified in 13.2.4 to 13.2.6, completing this procedure. In the latter case, the value shall be encoded as
if the extension marker is not present.

13.2 If an extension marker is not present in the constraint specification of the integer type, then the following
applies.

13.2.1 If PER-visible constraints restrict the integer value to a single value, then there shall be no addition to the
field-list, completing these procedures.

13.2.2  If PER-visible constraints restrict the integer value to be a constrained whole number, then it shall be converted
to a field according to the procedures of 11.5 (encoding of a constrained whole number), and the procedures of 13.2.5 to
13.2.6 shall then be applied.

13.2. 3 If PER VISIble constramts restrict the integer value to be a semi- constralned whole number, then it shall be
and the

vhole
vhole

e (see

13.2.6  Otherwise, (the indefinite length case) the procedures of 11.9 shall be invoked\ta append the field to the(field-
list prieceded by one of the following:

a) A constrained length determinant "len" (as determined by 11.5.7.4) if PER-visible constraints restrict the
type with finite upper and lower bounds and, if the type is extensible, the value lies within the range jof the
extension root. The lower bound "lb" used in the length deterndinant shall be 1, and the upper bound "ub”
shall be the count of the number of octets required to holdthe’range of the integer value.

NOTE — The encoding of the value "foo INTEGER (256%.1234567) ::= 256" would thus be encoded in the
ALIGNED variant as 00xxxxxx00000000, where each<X_represents a zero pad bit that may or may not be gresent
depending on where within the octet the length oceurs (e.g., the encoding is 00 xxxxxx 00000000 if the [length
starts on an octet boundary, and 00 00000000 if\if'starts with the two least significant bits (bits 2 and 1) of an
octet).

b) An unconstrained length determinant equal to "len" (as determined by 11.7 and 11.8) if PER-Visible
constraints do not restrict the type with finite upper and lower bounds, or if the type is extensible apd the
value does not lie within the range of\the extension root.

14 Encoding the enumerated.type

NOTE — (Tutorial) An enumerated type:without an extension marker is encoded as if it were a constrained integer whose sibtype
copstraint does not contain an extension marker. This means that an enumerated type will almost always in practice be encqded as
a hit-field in the smallest number of-bits needed to express every enumeration. In the presence of an extension marker, it is erfjcoded
as|a normally small non-negative whole number if the value is not in the extension root.

14.1 The enumeratighsin the enumeration root shall be sorted into ascending order by their enumeration valug, and
shall then be assigned @an)enumeration index starting with zero for the first enumeration, one for the second, and sofon up
to thel last enumeratiah-in the sorted list. The extension additions (which are always defined in ascending order) shall be
assiged an enumeration index starting with zero for the first enumeration, one for the second, and so on up to the last
enumgration ip-thé extension additions.

NOTE« Rec. ITU-T X.680 | ISO/IEC 8824-1 requires that each successive extension addition shall have a greater enumgration
valug:than the last.

14.2 If the extension marker is absent in the definition of the enumerated type, then the enumeration index shall be
encoded. Its encoding shall be as though it were a value of a constrained integer type for which there is no extension
marker present, where the lower bound is 0 and the upper bound is the largest enumeration index associated with the type,
completing this procedure.

14.3 If the extension marker is present, then a single bit shall be added to the field-list in a bit-field of length one.
The bit shall be set to 1 if the value to be encoded is not within the extension root, and zero otherwise. In the former case,
the enumeration additions shall be sorted according to 14.1 and the value shall be added to the field-list as a normally
small non-negative whole number whose value is the enumeration index of the additional enumeration and with "Ib" set
to 0, completing this procedure. In the latter case, the value shall be encoded as if the extension marker is not present, as
specified in 14.2.

NOTE — There are no PER-visible constraints that can be applied to an enumerated type that are visible to these encoding rules.
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15 Encoding the real type

NOTE — (Tutorial) A real uses the contents octets of CER/DER preceded by a length determinant that will in practice be a single
octet.

15.1 If the base of the abstract value is 10, then the base of the encoded value shall be 10, and if the base of the
abstract value is 2 the base of the encoded value shall be 2.

15.2 The encoding of REAL specified for CER and DER in Rec. ITU-T X.690 | ISO/IEC 8825-1, 11.3 shall be applied
to give a bit-field (octet-aligned in the ALIGNED variant) which is the contents octets of the CER/DER encoding. The
contents octets of this encoding consists of "n™ (say) octets and is placed in a bit-field (octet-aligned in the ALIGNED
variant) of "n" octets. The procedures of 11.9 shall be invoked to append this bit-field (octet-aligned in the ALIGNED
variant) of "n" octets to the field-list, preceded by an unconstrained length determinant equal to "n".

16 Encoding the bitstring type

NOTE — (Tutorial) Bitstrings constrained to a fixed length less than or equal to 16 bits do not cause octet alighment. |arger
bifstrings are octet-aligned in the ALIGNED variant. If the length is fixed by constraints and the upper bound)is-less thap 64K,
there is no explicit length encoding, otherwise a length encoding is included which can take any of the forms-spéecified earlier for
lemgth encodings, including fragmentation for large bit strings.

16.1 PER-visible constraints can only constrain the length of the bitstring.

16.2 Where there are no PER-visible constraints and Rec. ITU-T X.680 | ISO/IEC 8824-1, 22.7, applies the|value
shall be encoded with no trailing 0 bits (note that this means that a value with no 1 bitsqds\always encoded as an empty bit
string).

16.3 Where there is a PER-visible constraint and Rec. ITU-T X.680 | ISO/IEC 8824-1, 22.7, applies (i.e., the bitstring
type is defined with a "NamedBitList"), the value shall be encoded with trailing 0 bits added or removed as necessgry to
ensurg that the size of the transmitted value is the smallest size capable ofcarrying this value and satisfies the effpctive
size cpnstraint.

16.4 Let the maximum number of bits in the bitstring (as determined by PER-visible constraints on the length) be
"ub™ and the minimum number of bits be "Ib". If there is no.finite maximum we say that “"ub™ is unset. If therelis no
constfaint on the minimum, then "Ib" has the value zero. Let the length of the actual bit string value to be encoded be
"n" bits.

16.5 When a bitstring value is placed in a bit-fieldas specified in 16.6 to 16.11, the leading bit of the bitstring|value
shall pe placed in the leading bit of the bit-field, and\the trailing bit of the bitstring value shall be placed in the trailing bit
of the bit-field.

16.6 If the type is extensible for PER encodings (see 10.3.9), then a bit-field consisting of a single bit shall be pdded
to the field-list. The bit shall be set to 4 if-the length of this encoding is not within the range of the extension rogt, and
zero gtherwise. In the former case, 26:11 shall be invoked to add the length as a semi-constrained whole number [to the
field-]ist, followed by the bitstring value. In the latter case the length and value shall be encoded as if no extengion is
preseft in the constraint.

16.7 If an extension.marker is not present in the constraint specification of the bitstring type, then 16.8 t0]16.11
apply|
16.8 If the bitstring is constrained to be of zero length (ub™ equals zero), then it shall not be encoded (no additions

to the| field-list)completing the procedures of this clause.

16.9 Ifiall values of the bitstring are constrained to be of the same length ("ub" equals "Ib™) and that length {s less
than ¢r equal to sixteen bits, then the bitstring shall be placed in a bit-field of the constrained length "ub™ which sHall be
apperded’to the field-list with no length determinant, completing the procedures of this clause.

16.10  Ifall values of the bitstring are constrained to be of the same length ("ub" equals "Ib") and that length is greater
than sixteen bits but less than 64K bits, then the bitstring shall be placed in a bit-field (octet-aligned in the ALIGNED
variant) of length "ub™ (which is not necessarily a multiple of eight bits) and shall be appended to the field-list with no
length determinant, completing the procedures of this clause.

16.11  If 16.8-16.10 do not apply, the bitstring shall be placed in a bit-field (octet-aligned in the ALIGNED variant)
of length "n" bits and the procedures of 11.9 shall be invoked to add this bit-field (octet-aligned in the ALIGNED variant)
of "n" bits to the field-list, preceded by a length determinant equal to "n" bits as a constrained whole number if "ub" is set
and is less than 64K or as a semi-constrained whole number if "ub™ is unset. "Ib" is as determined above.

NOTE — Fragmentation applies for unconstrained or large "ub" after 16K, 32K, 48K or 64K bits.
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17 Encoding the octetstring type

NOTE - Octet strings of fixed length less than or equal to two octets are not octet-aligned. All other octet strings are octet-aligned
in the ALIGNED variant. Fixed length octet strings encode with no length octets if they are shorter than 64K. For unconstrained
octet strings the length is explicitly encoded (with fragmentation if necessary).

17.1 PER-visible constraints can only constrain the length of the octetstring.

17.2 Let the maximum number of octets in the octetstring (as determined by PER-visible constraints on the length)
be "ub" and the minimum number of octets be "Ib". If there is no finite maximum, we say that "ub" is unset. If there is no
constraint on the minimum, then "Ib" has the value zero. Let the length of the actual octetstring value to be encoded be
"n" octets.

17.3 If the type is exten5|ble for PER encodlngs (see 10.3. 9) then a bit- fleld consisting of a single bit shall be added
to the fi . f thi ithin th f th

zero ¢therwise. In the former case 17.8 shall be mvoked to add the length as a semi-constrained whole number fto the
field-]ist, followed by the octetstring value. In the latter case the length and value shall be encoded as if no extengion is
preseft in the constraint.

17.4 If an extension marker is not present in the constraint specification of the octetstring type, then 17.5 t¢ 17.8
apply|
175 If the octetstring is constrained to be of zero length ("ub™ equals zero), then it shall not be'encoded (no additions

to the| field-list), completing the procedures of this clause.

17.6 If all values of the octetstring are constrained to be of the same length ("ub" equals "Ib") and that length |s less
than ;tr equal to two octets, the octetstring shall be placed in a bit-field with a number of bits equal to the constfained
length "ub™ multiplied by eight which shall be appended to the field-list with aio™ength determinant, completing the
procefures of this clause.

17.7 If all values of the octetstring are constrained to be of the same_length ("ub" equals "lb") and that length is
greatgr than two octets but less than 64K, then the octetstring shall be placed in a bit-field (octet-aligned in the ALIGNED
variaft) with the constrained length "ub™ octets which shall be appénded to the field-list with no length deterntinant,
compljeting the procedures of this clause.

17.8 If 17.5t0 17.7 do not apply, the octetstring shall be placed in a bit-field (octet-aligned in the ALIGNED v4riant)
of lerjgth "n" octets and the procedures of 11.9 shall be invoked to add this bit-field (octet-aligned in the ALIGNED
variant) of "n" octets to the field-list, preceded by a length-determinant equal to "n" octets as a constrained whole nlimber
if "ubf' is set, and as a semi-constrained whole number, if "ub" is unset. "1b" is as determined above.

NOTE — The fragmentation procedures may apply.after 16K, 32K, 48K, or 64K octets.

18 Encoding the null type

NOTE — (Tutorial) The null type is éssentially a place holder, with practical meaning only in the case of a choice or an optiopal set
orfsequence component. Identification of the null in a choice, or its presence as an optional element, is performed in these engoding
rufes without the need to have-octets representing the null. Null values therefore never contribute to the octets of an encoding.

Therd shall be no addition.to-the field-list for a null value.

19 Encoding the sequence type

NOTE — (Tutorial) A sequence type begins with a preamble which is a bit-map. If the sequence type has no extension marker, then
th¢ bit-map-merely records the presence or absence of default and optional components in the type, encoded as a fixed lendth bit-
figld~1f'the sequence type does have an extension marker, then the bit-map is preceded by a single bit that says whether values of
extension additions are actually present in the encoding. The preamble is encoded without any length determinant providgd it is
less than 64K bits long, otherwise a length determinant is encoded to obtain fragmentation. The preamble is followed by the fields
that encode each of the components, taken in turn. If there are extension additions, then immediately before the first one is encoded
there is the encoding (as a normally small length) of a count of the number of extension additions in the type being encoded,
followed by a bit-map equal in length to this count which records the presence or absence of values of each extension addition.
This is followed by the encodings of the extension additions as if each one was the value of an open type field.

19.1 If the sequence type has an extension marker in the "ComponentTypeLists" or in the "SequenceType"
productions, then a single bit shall first be added to the field-list in a bit-field of length one. The bit shall be one if values
of extension additions are present in this encoding, and zero otherwise. (This bit is called the “extension bit" in the
following text.) If there is no extension marker in the "ComponentTypeLists" or in the "SequenceType" productions,
there shall be no extension bit added.
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19.2 If the sequence type has "n" components in the extension root that are marked OPTIONAL or DEFAULT, then a
single bit-field with "n" bits shall be produced for addition to the field-list. The bits of the bit-field shall, taken in order,
encode the presence or absence of an encoding of each optional or default component in the sequence type. A bit value
of 1 shall encode the presence of the encoding of the component, and a bit value of 0 shall encode the absence of the
encoding of the component. The leading bit in the preamble shall encode the presence or absence of the first optional or
default component, and the trailing bit shall encode the presence or absence of the last optional or default component.

19.3 If "n" is less than 64K, the bit-field shall be appended to the field-list. If "n" is greater than or equal to 64K,
then the procedures of 11.9 shall be invoked to add this bit-field of "n" bits to the field-list, preceded by a length
determinant equal to "n" bits as a constrained whole number with "ub" and "Ib" both set to "n".

NOTE - In this case, "ub" and "Ib" will be ignored by the length procedures. These procedures are invoked here in order to provide
fragmentation of a large preamble. The situation is expected to arise only rarely.

Tl l Lbaoll L £o1l .l +lo £iold Lot £ Lo £ o +. £ 1 las.
19.4 I'TIcT PICQIIIUIC 0141 T TUTTUVVCU Uy UiT TICTU™IIow Ul TAUIT UT UIT bUIIIPUIICIILD Ul UIT DUL{UCII\;U vaAalruc vii ;h are
preseqt, taken in turn.
19.5 For CANONICAL-PER, encodings of components marked pEFAULT shall always be absent if the valug to be

encoded is the default value. For BASIC-PER, encodings of components marked DEFAULT shall always e absent]if the
value[to be encoded is the default value of a simple type (see 3.7.25), otherwise it is a sender's optiomwhether or pot to
encode it.

19.6 This completes the encoding if the extension bit is absent or is zero. If the extension bit is present and set to
one, then the following procedures apply.

19.7 Let the number of extension additions in the type being encoded be "n", then a bit-field with "n" bits sHall be
produced for addition to the field-list. The bits of the bit-field shall, taken in order,"€hcode the presence or absence of an
encoding of each extension addition in the type being encoded. A bit value of 1 shall encode the presence of the endoding
of thg extension addition, and a bit value of 0 shall encode the absence of the encoding of the extension addition). The
leading bit in the bit-field shall encode the presence or absence of the first extension addition, and the trailing bif shall
encode the presence or absence of the last extension addition.

NOTE — If conformance is claimed to a particular version of a specification, then the value "n" is always equal to the nunjber of
extension additions in that version.

19.8 The procedures of 11.9 shall be invoked to add this*bit-field of "n" bits to the field-list, preceded by a |ength
determinant equal to "n" as a normally small length.

NQTE — "n" cannot be zero, as this procedure is only invoked if there is at least one extension addition being encoded.

19.9 | This shall be followed by field-lists containing the encodings of each extension addition that is present, taken in
turn. Each extension addition that is a "CompongntType" (i.e., not an "ExtensionAdditionGroup™) shall be encoded 3s if it
were the value of an open type field as specifiechin-11.2.1. Each extension addition that is an "ExtensionAdditionGroup|' shall
be engoded as a sequence type as specified in\19.2 to 19.6, which is then encoded as if it were the value of an open typg field
as specified in 11.2.1. If all components values of the "ExtensionAdditionGroup" are missing then, the
"ExtepsionAdditionGroup™ shall be eficoded as a missing extension addition (i.e., the corresponding bit in the bif-field
described in 19.7 shall be set to 0).

NOTE 1 - |If an "ExtensionAdditionGroup” contains components marked OPTIONAL or DEFAULT, thep the
"HxtensionAdditionGroup'Ais\prefixed with a bit-map that indicates the presence/absence of values for each component marked
OHTIONAL O DEFAULT.

NOTE 2 — "RootComponentTypeList" components that are defined after the extension marker pair are encoded as if they were
deffined immediately.before the extension marker pair.

20 Encoding the sequence-of type

20.1 PER-visible constraints can constrain the number of components of the sequence-of type.

20.2 Let the maximum number of components in the sequence-of (as determined by PER-visible constraints) be "ub"
components and the minimum number of components be "Ib". If there is no finite maximum or "ub" is greater than or
equal to 64K we say that "ub" is unset. If there is no constraint on the minimum, then "Ib" has the value zero. Let the

number of components in the actual sequence-of value to be encoded be "n" components.

20.3 The encoding of each component of the sequence-of will generate a number of fields to be appended to the
field-list for the sequence-of type.

20.4 If there is a PER-visible constraint and an extension marker is present in it, a single bit shall be added to the
field-list in a bit-field of length one. The bit shall be set to 1 if the number of components in this encoding is not within
the range of the extension root, and zero otherwise. In the former case 11.9 shall be invoked to add the length determinant
as a semi-constrained whole number to the field-list, followed by the component values. In the latter case the length and
value shall be encoded as if the extension marker is not present.
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20.5 If the number of components is fixed ("ub" equals "1b™) and "ub™ is less than 64K, then there shall be no length
determinant for the sequence-of, and the fields of each component shall be appended in turn to the field-list of the
sequence-of.

20.6 Otherwise, the procedures of 11.9 shall be invoked to add the list of fields generated by the "n" components to
the field-list, preceded by a length determinant equal to "n" components as a constrained whole number if "ub" is set, and
as a semi-constrained whole number if "ub™ is unset. "Ib™ is as determined above.

NOTE 1 — The fragmentation procedures may apply after 16K, 32K, 48K, or 64K components.

NOTE 2 — The break-points for fragmentation are between fields. The number of bits prior to a break-point are not necessarily a
multiple of eight.

21 Encading the set type

The spt type shall have the elements in its "RootComponentTypeList" sorted into the canonical order specified, in Rec.
ITU-T X.680 | ISO/IEC 8824-1, 8.6, and additionally for the purposes of determining the order in which cemponents are
encoded when one or more component is an untagged choice type, each untagged choice type is ordered-gs.thoughlit has
a tag pqual to that of the smallest tag in the "RootAlternativeTypeL.ist" of that choice type or any untagged choice|types
nestedl within. The set elements that occur in the "RootComponentTypeList" shall then be encoded as if it had been
declafed a sequence type. The set elements that occur in the "ExtensionAdditionList" shall be encoeed as though they were
comppnents of a sequence type as specified in 19.9 (i.e., they are encoded in the order in which they are defined).

EXAMPLE - In the following which assumes a tagging environment of IMPLICIT TAGS:
A :=SET
{
a  [3] INTEGER,
b  [1] CHOICE

{
¢ [2]INTEGER,
d [4] INTEGER
}
e CHOICE
{
f  CHOICE
{
g [5] INTEGER,
h  [6] INTEGER
h
i CHOICE
{
i [0] INTEGER
}
}

the order in which thie'components of the set are encoded will always be e, b, a, since the tag [0] sorts Igwest,
then [11], then [3Y~

22 Encoding the set-of type

22.1 ForrCANONICAL-PER the encoding of the component values of the set-of type shall appear in ascending prder,

the cqmpanent encodings being compared as bit strings padded at their trailing ends with as many as seven 0 bit§to an

octet paundary, and with 0-octets added to the shorter one if necessary to make the length equal to that of the longgr one.
NOTE — Any pad bits or pad octets added for the sort do not appear in the actual encoding.

22.2 For BASIC-PER the set-of shall be encoded as if it had been declared a sequence-of type.

23 Encoding the choice type

NOTE — (Tutorial) A choice type is encoded by encoding an index specifying the chosen alternative. This is encoded as for a
constrained integer (unless the extension marker is present in the choice type, in which case it is a normally small non-negative
whole number) and would therefore typically occupy a fixed length bit-field of the minimum number of bits needed to encode the
index. (Although it could in principle be arbitrarily large.) This is followed by the encoding of the chosen alternative, with
alternatives that are extension additions encoded as if they were the value of an open type field. Where the choice has only one
alternative, there is no encoding for the index.

23.1 Encoding of choice types are not affected by PER-visible constraints.
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23.2 Each component of a choice has an index associated with it which has the value zero for the first alternative in
the root of the choice (taking the alternatives in the canonical order specified in Rec. ITU-T X.680 | ISO/IEC 8824-1,
8.6), one for the second, and so on up to the last component in the extension root of the choice. An index value is similarly
assigned to each "NamedType" within the "ExtensionAdditionAlternativesList”, starting with 0 just as with the
components of the extension root. Let "n" be the value of the largest index in the root.

NOTE — Rec. ITU-T X.680 | ISO/IEC 8824-1, 29.7, requires that each successive extension addition shall have a greater tag value
than the last added to the "ExtensionAdditionAlternativesL.ist".

23.3 For the purposes of canonical ordering of choice alternatives that contain an untagged choice, each untagged
choice type shall be ordered as though it has a tag equal to that of the smallest tag in the extension root of either that
choice type or any untagged choice types nested within.

23.4 If the choice has only one alternative in the extension root, there shall be no encoding for the index if that
alternptive-is-chesen:

235 If the choice type has an extension marker in the "AlternativeTypeLists" production, then a single bit shall first
be adfled to the field-list in a bit-field of length one. The bit shall be 1 if a value of an extension addition ispresent|in the
encoding, and zero otherwise. (This bit is called the "extension bit" in the following text.) If there is no €xtension marker
in the| "AlternativeTypeLists" production, there shall be no extension bit added.

23.6 If the extension bit is absent, then the choice index of the chosen alternative shall-be encoded into g field
accorfling to the procedures of clause 13 as if it were a value of an integer type (with no extension marker in its sybtype
constfaint) constrained to the range 0 to "n", and that field shall be appended to the field-list. Fhis shall then be followed
by th¢ fields of the chosen alternative, completing the procedures of this clause.

23.7 If the extension bit is present and the chosen alternative lies within the extension root, the choice index pf the
chosen alternative shall be encoded as if the extension marker is absent, according to the procedure of clause 13.| This
shall then be followed by the fields of the chosen alternative, completing theqrocedures of this clause.

23.8 If the extension bit is present and the chosen alternative does ngt li€ within the extension root, the choice|index
of thef chosen alternative shall be encoded as a normally small non-negative whole number with "lb™ set to 0 and tha field
shall pe appended to the field-list. This shall then be followed by a: field-list containing the encoding of the chosen
alterniative encoded as if it were the value of an open type field @ specified in 11.2, completing the procedures ¢f this
clausg.

NOTE - Version brackets in the definition of choice extensjioniadditions have no effect on how "ExtensionAdditionAlterngtives"
ar¢ encoded.

24 Encoding the object identifiertype

NOTE — (Tutorial) An object identifier type‘encoding uses the contents octets of BER preceded by a length determinant that will
in|practice be a single octet.

The encoding specified for BER shall'be applied to give a bit-field (octet-aligned in the ALIGNED variant) whichlis the
contents octets of the BER encoding. The contents octets of this BER encoding consists of "n" (say) octets and is glaced
in a Wit-field (octet-aligned in(the*”ALIGNED variant) of "n" octets. The procedures of 11.9 shall be invoked to append
this bjt-field (octet-aligned.n’the ALIGNED variant) to the field-list, preceded by a length determinant equal to "r" as a
semi-fonstrained whole.rdmber octet count.

25 Encaoding the relative object identifier type

NOTE - (Futorial) A relative object identifier type encoding uses the contents octets of BER preceded by a length determingnt that
willl it practice be a single octet. The following text is identical to that of clause 24.

is the
contents octets of the BER encodlng The contents octets of this BER encodmg consists of "n" (say) octets and is placed
in a bit-field (octet-aligned in the ALIGNED variant) of "n" octets. The procedures of 11.9 shall be invoked to append
this bit-field (octet-aligned in the ALIGNED variant) to the field-list, preceded by a length determinant equal to "n" as a
semi-constrained whole number octet count.

26 Encoding the internationalized resource reference type

NOTE - (Tutorial) An internationalized resource reference type encoding uses the contents octets of BER preceded by a length
determinant that will in practice be a single octet. The following text is identical to that of clause 24.

The encoding specified for BER shall be applied to give a bit-field (octet-aligned in the ALIGNED variant) which is the
contents octets of the BER encoding. The contents octets of this BER encoding consists of "n" (say) octets and is placed
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in a bit-field (octet-aligned in the ALIGNED variant) of "n" octets. The procedures of 11.9 shall be invoked to append
this bit-field (octet-aligned in the ALIGNED variant) to the field-list, preceded by a length determinant equal to "n™ as a
semi-constrained whole number octet count.

27

Encoding the relative internationalized resource reference type

NOTE - (Tutorial) A relative internationalized resource reference type encoding uses the contents octets of BER preceded by a
length determinant that will in practice be a single octet. The following text is identical to that of clause 24.

The encoding specified for BER shall be applied to give a bit-field (octet-aligned in the ALIGNED variant) which is the
contents octets of the BER encoding. The contents octets of this BER encoding consists of "n" (say) octets and is placed
in a bit-field (octet-aligned in the ALIGNED variant) of "n" octets. The procedures of 11.9 shall be invoked to append

this b

it-field (octet-aligned in the ALIGNED variant) to the field-list, preceded by a length determinant equal to "n
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Encoding the embedded-pdv type

There are two ways in which an embedded-pdv type can be encoded:

a) the syntaxes alternative of the embedded-pdv type is constrained with a PER-visible inner type con
to asingle value or identification is constrained with a PER-visible innet, type constraint to the f
alternative, in which case only the data-value shall be encoded; this is.calléd the “predefined" cag

b) an inner type constraint is not employed to constrain the syntaxes(alternative to a single value,
constrain identification to the £ixed alternative, in which casé:both the identificationand ¢
value shall be encoded; this is called the "general case.

In the "predefined"” case, the encoding of the value of the embedded-pdv type shall be the PER-encodin
of the OCTET STRING type. The value of the ocTET STRING shall'be the octets which form the complete eng
single data value referenced in Rec. ITU-T X.680 | ISO/IEC 8824-1, 36.3 a).

In the "general” case, the encoding of a value of the enibedded-pdv type shall be the PER encoding of th
d in Rec. ITU-T X.680 | ISO/IEC 8824-1, 36.5, with the data-value-descriptor element removed (t
shall be no oPTIONAL bit-map at the head of the encoding of the SEQUENCE). The value of the data—v
bnent of type ocTET STRING shall be the octetss\which form the complete encoding of the single data
nced in Rec. ITU-T X.680 | ISO/IEC 8824-1, 36,3 a).

Encoding of a value of the'external type

The encoding of a value of theexternal type shall be the PER encoding of the following sequence type, ass

fefined in an environment of-EXPLICIT TAGS, with a value as specified in the subclauses below:
[UNIVERSAL 8] IMPDICIT SEQUENCE {
direct-reference OBJECT IDENTIFIER OPTIONAL,
indirect-reference INTEGER OPTIONAL,
data-valuerdescriptor ObjectDescriptor OPTIONAL,
encoding CHOICE {
single-ASN1-type [0] ABSTRACT-SYNTAX.&Type,
octet-aligned [1] IMPLICIT OCTET STRING,
arbitrary [2] IMPLICIT BIT STRING } }

DTE  This sequence type differs from that in Rec. ITU-T X.680 | ISO/IEC 8824-1 for historical reasons.
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specified in Rec. ITU-T X.680 | ISO/IEC 8824-1, 36.5.
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type

The data-value-descriptor above shall be present if and only if the data-value-descriptor is present

abstract value, and shall have the same value.

Values of direct-reference and indirect-reference above shall be present or absent in accordance with
Table 1. Table 1 maps the external type alternatives of identification defined in Rec. ITU-T X.680 | ISO/IEC 8824-1,

to the external type components direct-reference and indirect-reference defined in 29.1.
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Table 1 — Alternative encodings for ""identification"

identification

direct-reference

indirect-reference

syntaxes *** CANNOT OCCUR *** *** CANNOT OCCUR ***
syntax syntax ABSENT
presentation-context-id ABSENT presentation-context-id

context-negotiation

transfer-syntax

presentation-context-id

transfer-syntax *** CANNOT OCCUR *** *** CANNOT OCCUR ***
fixed *** CANNOT OCCUR *** *** CANNOT OCCUR ***
29.5 Eoata value ouedaccording to the trar

in an plternative of the encoding choice as specified below.

29.6 If the data value is the value of a single ASN.1 data type (see the Note in 29.7), and if the encoding rules for
this dfta value are those specified in this Recommendation | International Standard, then the sending implementation shall

use the single-ASN1-type alternative.

29.7 Otherwise, if the encoding of the data value, using the agreed or negotiated encodingfis-an integral numper of

octety, then the sending implementation shall encode as octet-aligned.

NOTE — A data value which is a series of ASN.1 types, and for which the transfer syntax specifi€és simple concatenation|of the
odtet strings produced by applying the ASN.1 Basic Encoding Rules to each ASN.1 type, fallS\into this category, not that of 29.6.

29.8 Otherwise, if the encoding of the data value, using the agreed or negotiated -encoding, is not an integral niimber
of octets, the encoding choice shall be arbitrary.

29.9 If the encoding choice is chosen as single-AsSN1-type, thenthe ASN.1 type shall be encoded as specified
in 11P with a value equal to the data value to be encoded.

NOTE — The range of values which might occur in the open type is detetmined by the registration of the object identifie

aspociated with the direct-reference, and/or the integer value associated with the indirect-reference.

value

29.10|  If the encoding choice is octet-aligned, then the data value shall be encoded according to the agr¢ed or
negotjated transfer syntax, and the resulting octets shall forfrthe value of the octetstring.

29.11)  If the encoding choice is arbitrary, then the data value shall be encoded according to the agrged or

negotjated transfer syntax, and the result shall form«the value of the bitstring.

30 Encoding the restricted character string types

NOTE 1 — (Tutorial ALIGNED varight) Character strings of fixed length less than or equal to two octets are not octet-aligned.
Character strings of variable length that are constrained to have a maximum length of less than two octets are not octet-aligngd. All
other character strings are octet-aligned in the ALIGNED variant. Fixed length character strings encode with no length ogtets if
they are shorter than 64K characters. For unconstrained character strings or constrained character strings longer than 64K+t1, the
lemgth is explicitly encodédy(with fragmentation if necessary). Each NumericString, PrintableString, VisibleSjtring
(1po646string), IA5SEring, BMPString and UniversalString character is encoded into the number of bits that is the sthallest
pgwer of two that carf agcommodate all characters allowed by the effective permitted-alphabet constraint.

NOTE 2 — (Tutoriak UNALIGNED variant) Character strings are not octet-aligned. If there is only one possible length valug there
is o length encoding if they are shorter than 64K characters. For unconstrained character strings or constrained character ptrings
longer than 64K~1, the length is explicitly encoded (with fragmentation if necessary). Each NumericString, PrintableString,
VilsibleString (IS0646String), IA5String, BMPString and UniversalString character is encoded into the number fof bits
that issthe'smallest that can accommodate all characters allowed by the effective permitted-alphabet constraint.

NQTE’3 — (Tutorial on size of each encoded character) Encoding of each character depends on the effective permitted-alphabet
constraint (see 10.3.12), which defines the alphabet in use for the type. Suppose this alphabet consists of a set of characters ALPHA
(say). For each of the known-multiplier character string types (see 3.7.16), there is an integer value associated with each character,
obtained by reference to some code table associated with the restricted character string type. The set of values BETA (say)
corresponding to the set of characters ALPHA is used to determine the encoding to be used, as follows: the number of bits for the
encoding of each character is determined solely by the number of elements, N, in the set BETA (or ALPHA). For the UNALIGNED
variant is the smallest number of bits that can encode the value N — 1 as a non-negative binary integer. For the ALIGNED variant
this is the smallest number of bits that is a power of two and that can encode the value N — 1. Suppose the selected number of bits
is B. Then if every value in the set BETA can be encoded (with no transformation) in B bits, then the value in set BETA is used to
represent the corresponding characters in the set ALPHA. Otherwise, the values in set BETA are taken in ascending order and
replaced by values 0, 1, 2, and so on up to N — 1, and it is these values that are used to represent the corresponding character. In
summary: minimum bits (taken to the next power of two for the ALIGNED variant) are always used. Preference is then given to
using the value normally associated with the character, but if any of these values cannot be encoded in the minimum number of
bits a compaction is applied.
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30.1 The following restricted character string types are known-multiplier character string types: NumericString,
PrintableString, VisibleString (IS0646String), IA5String, BMPString, and UniversalString. Effective
permitted-alphabet constraints are PER-visible only for these types.

30.2 The effective size constraint notation may determine an upper bound "aub" for the length of the abstract
character string. Otherwise, "aub" is unset.

30.3 The effective size constraint notation may determine a non-zero lower bound "alb" for the length of the abstract
character string. Otherwise, "alb" is zero.

NOTE - PER-visible constraints only apply to known-multiplier character string types. For other restricted character string types
"aub" will be unset and "alb™ will be zero.

30.4 If the type is extensible for PER encodings (see 10.3.18), then a bit-field consisting of a single bit shall be added
to the field-list, The single bit shall be set to zero if the value is within the range of the extension root, and to one otheywise.
If the|value is outside the range of the extension root, then the following encoding shall be as if there was no effgctive
size cpnstraint, and shall have the effective permitted-alphabet constraint specified in 10.3.12.
NOTE 1 — Only the known-multiplier character string types can be extensible for PER encodings. Extensibility markers or other
chracter string types do not affect the PER encoding.

NOTE 2 — Effective permitted-alphabet constraints can never be extensible, as extensible permitted-alphab&t constraints gre not
PER-visible (see 10.3.11).

30.5 This subclause applies to known-multiplier character strings. Encoding of the other restricted character [string
typeslis specified in 30.6.

30.5.1 The effective permitted alphabet is defined to be that alphabet permitted hy‘the'permitted-alphabet cons}raint,
or the entire alphabet of the built-in type if there is no PermittedAlphabet constraint,

30.5.2 Let N be the number of characters in the effective permitted alphabet.‘Let B be the smallest integer such|that 2
to thelpower B is greater than or equal to N. Let B2 be the smallest power of 2 that is greater than or equal to B. Then in
the ALIGNED variant, each character shall encode into B2 bits, and if the UNALIGNED variant into B bits. Liet the
numbgr of bits identified by this rule be "b".

30.5.3 A numerical value "v" is associated with each character,by reference to Rec. ITU-T X.680 | ISO/IEC 8§24-1,
claus¢ 43 as follows. For universalString, the value is that,used to determine the canonical order in Rec. ITU-T X.680
| ISOJIEC 8824-1, 43.3 (the value is in the range 0 to 232 +1). For BMPString, the value is that used to determipe the
canorfical order in Rec. ITU-T X.680 | ISO/IEC 8824-1, 43:3 (the value is in the range 0 to 216 — 1). For NumericString
and PfrintableString and VisibleString and IA5String the value is that defined for the ISO/IEC 646 encodjng of
the cprresponding character. (For IA5String, thé range is O to 127, for visibleString it is 32 to 12p, for
NumeficString it is 32 to 57, and for PrintableString it is 32 to 122. For IA5String and VisibleStrihg all
valuep in the range are present, but for NuméricString and PrintableString not all values in the range are in ise.)

30.5.4 Let the smallest value in the tange for the set of characters in the permitted alphabet be "Ib" and the lprgest
value|be "ub". Then the encoding of’a‘character into ""b" bits is the non-negative-binary-integer encoding of the valgie "v"
identiffied as follows:

a) if "ub™ is less-than or equal to 20 — 1, then "v" is the value specified in above; otherwise

b) the characters are placed in the canonical order defined in Rec. ITU-T X.680 | ISO/IEC 8824-1, clause 43.
The first is assigned the value zero and the next in canonical order is assigned a value that is one greater
than.the value assigned to the previous character in the canonical order. These are the values "v".

NOTE' - Item a) above can never apply to a constrained or unconstrained NumericString character, which glways
encodes into four bits or less using b).

30.5.% " The encoding of the entire character string shall be obtained by encoding each character (using an appropriate
value i i i i i i it-fiel i Itiple
of "b" bits.

30.5.6  If"aub" equals "alb" and is less than 64K, then the bit-field shall be added to the field-list as a field (octet-aligned
in the ALIGNED variant) if "aub" times "b" is greater than 16, but shall otherwise be added as a bit-field that is not
octet-aligned. This completes the procedures of this subclause.

30.5.7  If "aub" does not equal "alb" or is greater than or equal to 64K, then 11.9 shall be invoked to add the bit-field
preceded by a length determinant with "n" as a count of the characters in the character string with a lower bound for the
length determinant of "alb™ and an upper bound of "aub". The bit-field shall be added as a field (octet-aligned in the
ALIGNED variant) if "aub" times "b" is greater than or equal to 16, but shall otherwise be added as a bit-field that is not
octet-aligned. This completes the procedures of this subclause.

NOTE - Both 30.5.6 and 30.5.7 specify no alignment if "aub” times "b" is less than 16, and alignment if the product is greater
than 16. For a value exactly equal to 16, 30.5.6 specifies no alignment and 30.5.7 specifies alignment.
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30.6 This subclause applies to character strings that are not known-multiplier character strings. In this case,
constraints are never PER-visible, and the type can never be extensible for PER encoding.

30.6.1 For BASIC-PER, reference below to "base encoding™" means production of the octet string specified in Rec.
ITU-T X.690 | ISO/IEC 8825-1, 8.23.5. For CANONICAL-PER it means the production of the same octet string subject
to the restrictions specified for CER and DER in Rec. ITU-T X.690 | ISO/IEC 8825-1, 11.4.

30.6.2  The "base encoding" shall be applied to the character string to give a field of "n" octets.

30.6.3  Subclause 11.9 shall be invoked to add the field of "n" octets as a bit-field (octet-aligned in the ALIGNED
variant), preceded by an unconstrained length determinant with "n" as a count in octets, completing the procedures of this
subclause.

31 Fnrnding the unrestricted character cfring type

31.1 There are two ways in which an unrestricted character string type can be encoded:

a) the syntaxes alternative of the unrestricted character string type is constrained with a PER3visiblg inner
type constraint to a single value or identification is constrained with a PER-visible innef type
constraint to the £ixed alternative, in which case only the string-value shall be encoded,; this is falled
the "predefined” case;

b) an inner type constraint is not employed to constrain the syntaxes alternative to a single value, por to
constrain identification to the fixed alternative, in which case both the identificatioh and
string-value Shall be encoded; this is called the "general” case.

31.2 For the "predefined" case, the encoding of the value of the CHARACTER STRING type shall be the PER-engoding
of a Value of the oCTET STRING type. The value of the oCTET STRING shall-be the octets which form the complete
encoding of the character string value referenced in Rec. ITU-T X.680 | ISOIEC 8824-1, 44.3 a).

31.3 In the "general” case, the encoding of a value of the unrestricted.character string type shall be the PER endoding
of th¢ type defined in Rec. ITU-T X.680 | ISO/IEC 8824-1, 44.5,\Wwith the data-value-descriptor comgonent
remoyed (that is, there shall be no opTIONAL bit-map at the head 0f the encoding of the SEQUENCE). The value pf the
stripg-value component of type oCcTET STRING shall be theectéts which form the complete encoding of the chgracter
string| value referenced in Rec. ITU-T X.680 | ISO/IEC 8824+1,-44.3 a).

32 Encoding the time type, the useful-time types, the defined time types and the
additional time types

32.1 General

32.1.1 The encoding of the useful time types, the defined time types and the additional time types shall be deterni
by th¢ property settings of the abstract values of these types. Property settings for the abstract values of the usefiil and
defingd time types are specified in'Rec. ITU-T X.680 | ISO/IEC 8824-1, 38.4 and Annex B, respectively. Property sdttings
for the abstract values of additional time types are determined by the property settings of the parent type, restricte
any PER-visible constraints that apply (see 10.3.13).

32.1.2  If all the.abstract values of the type to be encoded have one of the property settings listed in a row of coliimn 2
of Table 2, thenthat type shall be encoded as if the type with its constraints (if any) had been replaced by the type specifi
in the| correspending row of column 3 of Table 2. Otherwise, it shall be encoded as specified in 32.11.

NOTE< Ifatime property (for example Midnight) is not listed in Table 2 for a particular row, there is no constraint on its getti

32.1.1 ica a i a a nlin Fn.

32.1.4  The types specified in column 3 of Table 2 are defined (using the ASN.1 notation) in 32.2 to 32.10, and are
assumed to be defined in an environment of AUTOMATIC TAGS.

NOTE 1 — The use of these type reference names in the specification of PER encodings does not make them available for use by
an application designer in an ASN.1 specification, nor are they reserved words in such a specification. However, with the removal
of -ENCODING, they correspond to the names of the useful time types or defined time types specified in

Rec. ITU-T X.680 | ISO/IEC 8824-1, 38.4 and Annex B.

NOTE 2 — All the useful and defined time types satisfy the conditions for one of the rows of Table 2, and hence have optimized
encodings. Additional time types may satisfy the conditions for one of the rows, but are otherwise encoded as specified in 32.11.
The unconstrained TIME type is always encoded as specified in 32.11.
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nuRrg\k,)Ver Property settings ASN.1 type to be encoded
"Basic=Date Date=C Year=Basic" CENTURY-ENCODING
1 or (see 32.2.1)
"Basic=Date Date=C Year=Proleptic"
"Basic=Date Date=C Year=Negative" ANY-CENTURY-ENCODING
2 or (see 32.2.2)
"Basic=Date Date=C Year=Ln" (for any n)
"Basic=Date Date=Y Year=Basic" YEAR-ENCODING
3 or (see 32.2.3)
"Basic=Date Date=Y Year=Proleptic"
"Basic=Date Date=Y Year=Negative" ANY-YEAR-ENCODING
4 or (see 32.2.4)
"Basic=Date Date=Y Year=Ln" (for any n)
"Basic=Date Date=YM Year=Basic" YEAR-MONTH-ENCODING
5 or (see'32.2.5)
"Basic=Date Date=YM Year=Proleptic"
"Basic=Date Date=YM Year=Negative" ANY-YEAR-MONTH-ENCODING
6 or (see 32.2.6)
"Basic=Date Date=YM Year=Ln" (for any n)
"Basic=Date Date=YMD Year=Basic" DATE-ENCODING
7 or (see 32.2.7)
"Basic=Date Date=YMD Year=Proleptic"
"Basic=Date Date=YMD Year=Negative" ANY-DATE-ENCODING
8 or (see 32.2.8)
"Basic=Date Date=YMD Year=Ln" (for anyn)
"Basic=Date Date=YD Year=Basic" YEAR-DAY-ENCODING
9 or (see 32.2.9)
"Basic=Date Date=YD Year=Proleptic"
"Basic=Date Date=YD Year=Negative" ANY-YEAR-DAY-ENCODING
19 or (see 32.2.10)
"Basic=Date Date=YD-Year=Ln" (for any n)
"Basic=Date Date=YW Year=Basic" YEAR-WEEK-ENCODING
11 or (see 32.2.11)
"Basic=Date.Date=YW Year=Proleptic"
"Basic=Date. /Date=YW Year=Negative" ANY-YEAR-WEEK-ENCODING
e (see 32.2.12)
"Basie=Date Date=YW Year=Ln" (for any n)
"Basic=Date Date=YWD Year=Basic" YEAR-WEEK-DAY-ENCODING
13 16 (see 32.2.13)
"Basic=Date Date=YWD Year=Proleptic"
"Basic=Date Date=YWD Year=Negative" - = - -
14 or (see 32.2.14)
"Basic=Date Date=YWD Year=Ln" (forany n)
"Basic=Time Time=H Local-or-UTC=L" HOURS-ENCODING
15 (see 32.3.1)
"Basic=Time Time=H Local-or-UTC=Z" HOURS-UTC-ENCODING
16 (see 32.3.2)
"Basic=Time Time=H Local-or-UTC=LD" HOURS-AND-DIFF-ENCODING
17 (see 32.3.3)
"Basic=Time Time=HM Local-or-UTC=L" MINUTES-ENCODING
18 (see 32.3.4)
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Table 2 — Encoding of a time subtype with all abstract values having specified property settings

nuRrg\k,)Ver Property settings ASN.1 type to be encoded
"Basic=Time Time=HM Local-or-UTC=Z" MINUTES-UTC-ENCODING
19 (see 32.3.5)
"Basic=Time Time=HM Local-or-UTC=LD" MINUTES-AND-DIFF-ENCODING
20 (see 32.3.6)
"Basic=Time Time=HMS Local-or-UTC=L" TIME-OF-DAY-ENCODING
21 (see 32.3.7)
"Basic=Time Time=HMS Local-or-UTC=Z" TIME-OF-DAY-UTC-ENCODING
22 (see 32.3.8)
"Basic=Time Time=HMS Local-or-UTC=LD" TIME-OF-DAY-AND-DIFF-ENCODING
23 (see 32.3.9)
"Basic=Time Time=HFn Local-or-UTC=L" HOURS-AND-FRACTION-ENCODING
24 (but see 32.1.3) (see 32.310)
"Basic=Time Time=HFn Local-or-UTC=Z" HOURS-UTC-AND-FRACTION-ENCODING
25 (but see 32.1.3) (see32.3.11)
"Basic=Time Time=HFn Local-or-UTC=LD" HOURS-AND-DIFE-AND-FRACTION-ENCODING
2¢ (but see 32.1.3) (see 32.3.12)
"Basic=Time Time=HMFn Local-or-UTC=L" MINUTES-AND-FRACTION-ENCODING
27 (but see 32.1.3) (see 32.3.13)
"Basic=Time Time=HMFn Local-or-UTC=Z" MINUTES-UTC-AND-FRACTION-ENCODING
28 (but see 32.1.3) (see 32.3.14)
"Basic=Time Time=HMFn Local-or-UTC=LD" MINUTES-AND-DIFF-AND-FRACTION-ENCODING
29 (but see 32.1.3) (see 32.3.15)
"Basic=Time Time=HMSFn Local-or-UTC=L" TIME-OF-DAY-AND-FRACTION-ENCODING
39 (but see 32.1.3) (see 32.3.16)
"Basic=Time Time=HMSFn Local-or=UTC=2Z" TIME-OF-DAY-UTC-AND-FRACTION-ENCODING
31 (but see 32.1.3) (see 32.3.17)
"Basic=Time Time=HMSFn Localsor-UTC=LD" TIME-OF-DAY-AND-DIFF-AND-FRACTION-
32 (but see 32.1.3) ENCODING
(see 32.3.18)
"Basic=Date-Time" DATE-TIME-ENCODING
38 All abstract values are required to have the same {Date-Type, Time-Type}
additional property sgttings specified in one of rows 7, 8, (instantiated as specified in 32.4.1)
9, 10, 13 and 14 for “Basic=Date" together with the
same additional-property settings specified in one of the
rows 15 to 32-for "Basic=Time".
"Basic=Interval Interval-type=SE START-END-DATE-INTERVAL-ENCODING
3% SE-point=Date" {Date-Type}
Allabstract values are required to have the same (see 32.5.1)
additional property settings specified in one of rows 1 to
14 for "Basic=Date".
'Basic=Interval-Interval=type=SE START-END-TIME=-INTERVAL=ENCODING.
35 SE-point=Time" {Time-Type}
All abstract values are required to have the same (see 32.5.2)
additional property settings specified in one of rows 15 to
32 for "Basic=Time".
"Basic=Interval Interval-type=SE START-END-DATE-TIME-INTERVAL-ENCODING
36 SE-point=Date-Time" {Date-Type, Time-Type}
All abstract values are required to have the same (see 32.5.3)
additional property settings specified in one of rows 7, 8,
9, 10, 13 and 14 for "Basic=Date" together with the
same additional property settings specified in one of
rows 15 to 32 for "Basic=Time".
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Table 2 — Encoding of a time subtype with all abstract values having specified property settings

Row .
number Property settings ASN.1 type to be encoded

"Basic=Interval Interval-type=D" DURATION-INTERVAL-ENCODING
37 (see 32.6.1)

"Basic=Interval Interval—type:SD START-DATE-DURATION-INTERVAL-ENCODING
38 SE-point=Date" {Date-Type}

. (see 32.7.1)

All abstract values are required to have the same

additional property settings specified in one of rows 1 to

14 for "Basic=Date".

"Basic=Interval Interval-type=SD START-TIME-DURATION-INTERVAL-ENCODING
3% SE-point=Time" {Time-Type}

All abstract values are required to have the same (see 32.7.2)

additional property settings specified in one of rows 15 to

32 for "Basic=Time".

"Basic=Interval Interval-type=SD START-DATE-TIME~DURATION-
40 SE-point=Date-Time" INTERVAL~ENCODING

All abstract values are required to have the same {Date-Type/ Time-Type}

additional property settings specified in one of rows 7, 8, (see 32.7.3)

9, 10, 13 and 14 for "Basic=Date" together with the

same additional property settings specified in one of

rows 15 to 32 for "Basic=Time".

"Basic=Interval Interval-type=DE DURATION-END-DATE-INTERVAL-ENCODING
41 SE-point=Date" {Date-Type}

All abstract values are required to have the same (see 32.7.4)

additional properties specified in one of rows 1 to 14 for

"Basic=Date".

"Basic=Interval Interval-type=DE DURATION-END-TIME-INTERVAL-ENCODING
'} SE-point=Time" {Time-Type}

All abstract values are required to have the samé (see 32.7.5)

additional properties specified in one of rows'15 to 32 for

"Basic=Time".

"Basic=Interval Interval~type=DE DURATION-END-DATE-TIME-INTERVAL-
43 SE-point=Date-Time" ENCODING

All abstract values are required-to have the same {Date-Type, Time-Type}

additional properties specified in one of rows 7, 8, 9, 10, (see 32.7.6)

13 and 14 for "Basic=Date" together with the same

additional property settings specified in one of rows 15 to

32 for "Basic=Time".

"Basic=Rec—~Interval Interval-type=SE REC-START-END-DATE-INTERVAL-ENCODING
44 SE-point=Date" {Date-Type}

All abstract values are required to have the same (see 32.8.1)

additional property settings specified in one of rows 1 to

14for "Basic=Date".

"Basic=Rec-Interval Interval-type=SE REC—START—END-TIME—INTERVAL-ENCODIjIG
4% SE-point=Time" {Time-T

All abstract values are required to have the same (see 32.8.2)

additional property settings specified in one of rows 15 to

32 for "Basic=Time".

"Basic=Rec-Interval Interval-type=SE REC-START-END-DATE-TIME-INTERVAL-
46 SE-point=Date-Time" ENCODING

All abstract values are required to have the same {Date-Type, Time-Type}

additional property settings specified in one of rows 7, 8, (see 32.8.3)

9, 10, 13 and 14 for "Basic=Date" together with the

same additional property settings specified in one of

rows 15 to 32 for "Basic=Time".

"Basic=Rec-Interval Interval-type=D" REC-DURATION-INTERVAL-ENCODING
47 (see 32.9.1)
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Table 2 — Encoding of a time subtype with all abstract values having specified property settings

Row .
number Property settings ASN.1 type to be encoded
"Basic=Rec-Interval Interval-type=SD REC-START-DATE-DURATION-INTERVAL-
48 SE-point=Date" ENCODING
Al abstract values are required to have the same {Date-Type}
additional property settings specified in one of rows 1 to (see 32.10.1)
14 for "Basic=Date".
"Basic=Rec-Interval Interval-type=SD REC-START-TIME-DURATION-INTERVAL-
49 SE-poimt=Time ENCODING
All abstract values are required to have the same {Time-Type}
additional property settings specified in one of rows 15 to (see 32.10.2)
32 for "Basic=Time".
"Basic=Rec-Interval Interval-type=SD REC-START-DATE-TIME-DURATZON-INTERVAL-
50 SE-point=Date-Time" ENCODING
Al abstract values are required to have the same {Date-Type, Time~Type}
additional property settings specified in one of rows 7, 8, (see 32710.3)
9, 10, 13 and 14 for "Basic=Date" together with the
same additional property settings specified in one of
rows 15 to 32 for "Basic=Time".
"Basic=Rec-Interval Interval-type=DE REC-DURATION-END-DATE-INTERVAL-ENCODING
51 SE-point=Date" {Date-Type}
All abstract values are required to have the same (see 32.10.4)
additional properties specified in one of rows 1 to 14 for
"Basic=Date".
"Basic=Rec-Interval Interval-type=DE REC-DURATION-END-TIME-INTERVAL-ENCOD[ING
52 SE-point=Time" {Time-Type}
All abstract values are required to have the same (see 32.10.5)
additional properties specified in one of rows 15 to,32:for
"Basic=Time".
"Basic=Rec-Interval Interval-type=DE REC-DURATION-END-DATE-TIME-INTERVAL-
58 SE-point=Date-Time" ENCODING
All abstract values are required to have-thé same {Date-Type, Time-Type}
additional properties specified in one 6f rows 7, 8, 9, 10, (see 32.10.6)
13 and 14 for "Basic=Date! together with the same
additional property settings.specified in one of rows 15 to
32 for "Basic=Time"
32.2 Encoding subtypes with the "Basic=Date" property setting
This qubclause definesithe ASN.1 types referenced in Table 2, column 3 for types where all the abstract values of the type
have the "Basic=Dpate" property setting.
32.2.]1 The GENTURY-ENCODING type is:
CENTPRY<ENCODING ::= INTEGER(0..99) -- 7 bits
with the infpgpr value set to the value clnprifind hy the first twao digifc of the year component aof the abstract value
32.2.2  The ANY-CENTURY-ENCODING type is:

ANY-CENTURY-ENCODING ::

INTEGER (MIN. .MAX)

with the integer value set to the value specified by the year component of the abstract value, ignoring the last two digits.

32.2.3

30

The YEAR-ENCODING type is:

YEAR-ENCODING ::= CHOICE ({
immediate INTEGER (2005..202
near-future INTEGER (2021..227
near-past INTEGER (1749..200
remainder INTEGER (MIN..1748

Rec. ITU-T X.691 (02/2021)

-- 2 bits for choice determinant

0), -- 4 bits
6), -- 8 bits
4), -- 8 bits

| 2277..MAX)}
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with the integer value set to the year component of the abstract value.
NOTE — This has been optimized to provide a 6-bit or a 10-bit encoding in common cases.
32.2.4  The ANY-YEAR-ENCODING type is:

ANY-YEAR-ENCODING ::= INTEGER (MIN..MAX)
with the integer value set to the year component of the abstract value.

32.25  The YEAR-MONTH-ENCODING type is:

YEAR-MONTH-ENCODING ::= SEQUENCE {
year YEAR-ENCODING,
month  INTEGER (1..12) -- 4 bits -- }

with = i 2 Tonth 1 stract
value
NOTE — This has been optimized to provide a 10-bit or a 14-bit encoding in common cases.

32.2.6  The ANY-YEAR-MONTH-ENCODING type is:

ANY-YEAR-MONTH-ENCODING ::= SEQUENCE ({
year  ANY-YEAR-ENCODING,
month  INTEGER (1..12) }

with {he ANY-YEAR-ENCODING set according to 32.2.4 and the month integer value set\ta'the month component pf the
abstrgct value.

32.2.1 The DATE-ENCODING type is:

DATE-ENCODING ::= SEQUENCE {
year YEAR-ENCODING,
month  INTEGER (1..12), -- 4 bits
day INTEGER (1..31) - 5 bits -- }

with the YEAR-ENCODING set according to 32.2.3, the month integer value set to the month component of the afjstract
valueland the day integer value set to the day component of the abstract value.

NOTE — This has been optimized to provide a 15-bit or a 19-bit'encoding in common cases.
32.2. The ANY-DATE-ENCODING type is:

ANY-DATE-ENCODING ::= SEQUENCE {
year ANY-YEAR-ENCODING,
month  INTEGER (1.412);
day INTEGER (1..31)}

with the ANY-YEAR-ENCODING set gceording to 32.2.4, the month integer value set to the month component of the afystract
valueland the day integer value sét to'the day component of the abstract value.

32.2.9 The YEAR-DAY-ENCODING type is:

YEAR-DAY-ENCODING ::= SEQUENCE {
year YEAR-ENCODING,
day INTEGER (1..366)}

with the YEAR-ENCODING set according to 32.2.3 and the day integer value set to the day component of the abstract yalue.

32.2.10 AThe ANY-YEAR-DAY-ENCODING type is:

- _ - . .= SEQUENCE {

year  ANY-YEAR-ENCODING,
day INTEGER (1..366)}

with the ANY-YEAR-ENCODING set according to 32.2.4 and the day integer value set to the day component of the abstract
value.

32.2.11 The YEAR-WEEK-ENCODING type is:

YEAR-WEEK-ENCODING ::= SEQUENCE ({
year YEAR-ENCODING,
week  INTEGER (1..53) -- 6 bits --}

with the YEAR-ENCODING set according to 32.2.3 and the week integer value set to the week component of the abstract
value.
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NOTE - This has been optimized to provide a 12-bit or a 16-bit encoding in common cases.
32.2.12 The ANY-YEAR-WEEK-ENCODING type is:

ANY-YEAR-WEEK-ENCODING ::= SEQUENCE ({
year ANY-YEAR-ENCODING,
week  INTEGER (1..53)}

with the ANY-YEAR-ENCODING set according to 32.2.4 and the week integer value set to the week component of the
abstract value.

32.2.13 The YEAR-WEEK-DAY-ENCODING type is:

YEAR-WEEK-DAY-ENCODING : := SEQUENCE {
year YEAR-ENCODING,
Week INTEGERK (1..09), -- 0 DIS
day INTEGER (1..7) -- 3 bits -- }

with :re YEAR-ENCODING set according to 32.2.3, the week integer value set to the week component of the@bstract|value
and the day integer value set to the day component of the abstract value.

NOTE — This has been optimized to provide a 15-bit or a 19-bit encoding in common cases.
32.2.14 The ANY-YEAR-WEEK-DAY-ENCODING type is:

ANY-YEAR-WEEK-DAY-ENCODING ::= SEQUENCE {
year ANY-YEAR-ENCODING,
week  INTEGER (1..53),
day INTEGER (1..7)}

with the ANY-YEAR-ENCODING Set according to 32.2.4, the week integer value seb to the week component of the afjstract
value|and the day integer value set to the day component of the abstract valug,

32.3 Encoding subtypes with the "Basic=Time" property setting

This qubclause defines the ASN.1 types referenced in Table 2, column 3 for types where all the abstract values of the type
have the Basic=Time property setting.

32.3.]1 The HOURS-ENCODING type is:

HOURS-ENCODING ::= INTEGER(O..24)), -- 5 bits

with ghe integer value set to the hours component of the abstract value.
NOTE — This has been optimized to provide(a 5=bit encoding.

32.3.2 The HOURS-UTC-ENCODING type'is:

HOURS-UTC-ENCODING.- % := INTEGER(0..24) -- 5 bits

with the integer value set to thé hours component of the abstract value.
NOTE — This has been optimized to provide a 5-bit encoding.

32.3.3 The HOURS-AND-DIFF-ENCODING type is:

HOURS-AND-DIFF-ENCODING ::= SEQUENCE {
local-hours INTEGER (0..24),
time-difference TIME-DIFFERENCE }

wherg:

— TIME-DIFFERENCE : := SEQUENCE {
sign ENUMERATED { positive, negative },
hours INTEGER (0..15),
minutes INTEGER (1..59) OPTIONAL }

with the local-hours integer value set to the hours component of the local time of the abstract value and the
time-difference Set to the sign, hours and minutes of the time-difference component of the abstract value. If the
minutes component of the time-difference is zero, the TIME-DIFFERENCE minutes Shall be omitted.

32.3.4  The MINUTES-ENCODING type is:

MINUTES-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59) -- 5 bits -- }
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with the hours integer value set to the hours component of the abstract value and the minutes integer value set to the
minutes component.

NOTE — This has been optimized to provide a 10-bit encoding.
32.3.5 The MINUTES-UTC-ENCODING type is:

MINUTES-UTC-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59) -- 5 bits -- }

with the hours integer value set to the hours component of the abstract value and the minutes integer value set to the
minutes component.

NOTE — This has been optimized to provide a 10-bit encoding.

32.3. TNe MINUTES-AND-DIFF-ENCODING LypE IS.

MINUTES-AND-DIFF-ENCODING ::= SEQUENCE {
local-time SEQUENCE {
hours INTEGER (0..24),
minutes INTEGER (0..59) },
time-difference TIME-DIFFERENCE }

with the local-time Set to the hours and minutes component of the local time of the abstraet value and the ¢ime-
difference Set to the sign, hours and minutes of the time-difference component of the/abstract value as specified in
32.3.3.

32.3.1 The TIME-OF-DAY-ENCODING type is:

TIME-OF-DAY-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59), -- 5 bits
seconds INTEGER (0..60) -- 5 bits -- }

with the hours integer value set to the hours component of the abstract-value, the minutes integer value set to the mjnutes
comppnent, and the seconds integer value set to the seconds component.

NOTE — This has been optimized to provide a 15-bit encoding.
32.3. The TIME-OF-DAY-UTC-ENCODING type is:

TIME-OF-DAY-UTC-ENCODING ::= SEQUENCE {
hours  INTEGER (0..24), -5 bits
minutes INTEGER (0..59),<2'5 bits
seconds INTEGER (0./60)*- 5 bits -- }

with the hours integer value set to the hours component of the abstract value, the minutes integer value set to the mjnutes
comppnent, and the seconds integer value set to the seconds component.

NOTE — This has been optimized\to’provide a 15-bit encoding.
32.3.9 The TIME-OF-DAY~-AND-DIFF-ENCODING type is:

TIME-OF-DAY-AND-DIFF-ENCODING ::= SEQUENCE {
loeal<time SEQUENCE {
hours INTEGER (0..24),
minutes INTEGER (0..59),
secondsINTEGER (0..60) },
time-difference TIME-DIFFERENCE }

with thé-Zocal-time Set to the hours, minutes and seconds components of the local time of the abstract value apd the
time-difference Set to the sign, hours and minutes of the time-difference component of the abstract value as specified
in 32.3.3.

32.3.10 The HOURS-AND-FRACTION-ENCODING type is:

HOURS-AND-FRACTION-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
fraction INTEGER (0..999, ..., 1000..MAX)
-- 11 bits for up to three digits accuracy -- }

with the hours integer value set to the hours component of the abstract value and the fraction integer value set to the
fractional hours multiplied by ten-to-the-power-N, where N is the specified number of digits in the fractional part.
NOTE — This has been optimized to provide a 16-bit encoding for up to 3-digit accuracy.
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32.3.11 The HOURS-UTC-AND-FRACTION-ENCODING type is:

HOURS-UTC-AND-FRACTION-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
fraction INTEGER (0..999, ..., 1000..MAX)
-- 11 bits for up to three digits accuracy -- }

with the hours integer value set to the hours component of the abstract value and the fraction integer value set to the
fractional hours multiplied by ten-to-the-power-N, where N is the specified number of digits in the fractional part.
NOTE — This has been optimized to provide a 16-bit encoding for up to 3-digit accuracy.

32.3.12 The HOURS-AND-DIFF-AND-FRACTION-ENCODING type is:

HOURS-AND-DIFF-AND-FRACTION-ENCODING ::= SEQUENCE {
local-hours INTEGER (ﬁ ’)/I)’ 5 hits
fraction INTEGER (0..999, ..., 1000..MAX)
-- 11 bits for up to three digits accuracy --,
time-difference TIME-DIFFERENCE }

with fhe local-hours integer value set to the hours component of the local time of the abstract valug,/the fragtion
integgr value set to the fractional hours multiplied by ten-to-the-power-N (where N is the specified)number of digits in
the fractional part) and the time-difference Set to the sign, hours and minutes of the time-difference component|of the
abstrgct value as specified in 32.3.3.

32.3.13 The MINUTES-AND-FRACTION-ENCODING type is:

MINUTES-AND-FRACTION-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59), -- 5 bits
fraction INTEGER (0..999, ..., 1000..MAX)
-- 11 bits for up to three digits accuracy -- }

with the hours integer value set to the hours component of the abstractwalue, the minutes integer value set to the mjnutes
comppnent and the £raction integer value set to the fractional hours'multiplied by ten-to-the-power-N, where N|is the
specified number of digits in the fractional part.

NQTE — This has been optimized to provide a 21-bit encoding for'up to 3-digit accuracy.

32.3.14 The MINUTES-UTC-AND-FRACTION-ENCODING-type is:

MINUTES-UTC-AND-FRACTION-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), =< 5.bits
minutes INTEGER (0..59),='5 bits
fraction INTEGER (0.999; ..., 1000..MAX)
-- 11 bits for up to three digits accuracy -- }

with the hours integer value set to the'fiours component of the abstract value, the minutes integer value set to the mjnutes
comppnent and the £raction integer value set to the fractional hours multiplied by ten-to-the-power-N (where Njis the
specified number of digits in the)fractional part).

NOTE — This has been optimized to provide a 21-bit encoding for up to 3-digit accuracy.

32.3.15 The MINUTES-AND-DIFF-AND-FRACTION-ENCODING type is:

MINUTES=AND-DIFF-AND-FRACTION-ENCODING ::= SEQUENCE {
local-time SEQUENCE {
hours INTEGER (0..24),
minutes INTEGER (0..59),
fraction INTEGER (0..999, ..., 1000..MAX)},

i PRH 3 TINMEDIEEERENMCOED
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with the local-time set to the hours and minutes component of the local time of the abstract value, the fraction
integer value set to the fractional minutes multiplied by ten-to-the-power-N (where N is the specified number of digits in
the fractional part) and the time-difference Set to the sign, hours and minutes of the time-difference component of the
abstract value as specified in 32.3.3.

32.3.16 The TIME-OF-DAY-AND-FRACTION-ENCODING type is:

TIME-OF-DAY-AND-FRACTION-ENCODING ::= SEQUENCE ({
hours INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59), -- 5 bits
seconds INTEGER (0..60), -- 5 bits --
fraction INTEGER (0..999, ..., 1000..MAX)
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-- 11 bits for up to three digits accuracy -- }

with the hours integer value set to the hours component of the abstract value, the minutes integer value set to the minutes
component, the seconds integer value set to the seconds component and £raction integer value set to the fractional
seconds multiplied by ten-to-the-power-N, where N is the specified number of digits in the fractional part.

NOTE — This has been optimized to provide a 26-bit encoding.

32.3.17 The TIME-OF-DAY-UTC-AND-FRACTION-ENCODING type is:

TIME-OF-DAY-UTC-AND-FRACTION-ENCODING ::= SEQUENCE {
hours INTEGER (0..24), -- 5 bits
minutes INTEGER (0..59), -- 5 bits
seconds INTEGER (0..60), -- 5 bits --
fraction INTEGER (0..999, ..., 1000..MAX)
== LL DI TOI Up 1o three alglts acCuracy --

with the hours integer value set to the hours component of the abstract value, the minutes integer value set tothe/mjnutes
comppnent, the seconds integer value set to the seconds component and fraction integer value set to the fragtional
seconds multiplied by ten-to-the-power-N, where N is the specified number of digits in the fractional part.
NOTE — This has been optimized to provide a 26-bit encoding.

32.3.18 The TIME-OF-DAY-AND-DIFF-AND-FRACTION-ENCODING type is:

TIME-OF-DAY-AND-DIFF-AND-FRACTION-ENCODING ::= SEQUENCE {
local-time SEQUENCE {
hours INTEGER (0..24),
minutes INTEGER (0..59),
secondsINTEGER (0..60),
fraction INTEGER (0..999, ..., 1000..MAX)},
time-difference TIME-DIFFERENCE }

with fhe 1ocal-time set to the hours, minutes, seconds and fractional part components of the local time of the aljstract
value|and the time-difference Set to the sign, hours and minutes)of the time-difference component of the aljstract
value|as specified in 32.3.3.

324 Encoding subtypes with the "Basic=Date-Time" property setting

This gubclause defines the ASN.1 type referenced in Table 2, column 3 for types where all the abstract values of the type
have fhe "Basic=Date-Time" property setting.

32.4.] The DATE-TIME-ENCODING type-s:

DATE-TIME-ENCODING {Date-Type, Time-Type} ::= SEQUENCE {
date Date-Type;
time Time-Type}

32.4.1 The encoding shall-be the encoding of an instantiation of this type with the bate-Type and Time{Type

actua| parameters set to the-fypes specified in Table 2 column 3 of the "Basic=Date" and "Basic=Time"|rows

(respqctively) that specify:the additional property settings of all the abstract values of the type.
NOTE — This has been optimized to provide a 32-bit encoding in common cases.

325 Enceding subtypes with the "Basic=Interval Interval-type=SE" property setting

This qubclause defines the ASN.1 types referenced in Table 2, column 3 for types where all the abstract values of thp type
have [hejBasic=Interval Interval-type=SE" property setting.

32.5.1 The START-END-DATE-INTERVAL-ENCODING type is:

START-END-DATE-INTERVAL-ENCODING {Date-Type} ::= SEQUENCE {
start Date-Type,
end Date-Type}

and the encoding shall be the encoding of an instantiation of this type with the Date-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Date" row that specifies the additional property settings of all the
abstract values of the type. The start component shall be set to the start date and the end component shall be set to the
end date of the interval.
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3252  The START-END-TIME-INTERVAL-ENCODING type is:

START-END-TIME-INTERVAL-ENCODING {Time-Type} ::= SEQUENCE {
start Time-Type,
end Time-Type}

and the encoding shall be the encoding of an instantiation of this type with the Time-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Time" row that specifies the additional property settings of all the
abstract values of the type. The start component shall be set to the start time and the end component shall be set to the
end time of the interval.

32.5.3 The START-END-DATE-TIME-INTERVAL-ENCODING type is:

START-END-DATE-TIME-INTERVAL-ENCODING {Date-Type, Time-Type} ::=
——— SEQUENGE{
start DATE-TIME-ENCODING {Date-Type, Time-Type},

end DATE-TIME-ENCODING {Date-Type, Time-Type}}

and the encoding shall be the encoding of an instantiation of this type with the Date-Type and Time~Type pctual
paranpeters set to the types specified in Table 2 column 3 of the "Basic=Date" and "Basic=Time"0WS (respectively)
that specify the additional property settings of all the abstract values of the type. The start componént shall be get (as
specified in 32.4) to the start date-time and the end component shall be set to the end date-time®©fthe interval.

32.6 Encoding subtypes with the "Basic=Interval Interval-type=D" property setting

This gubclause defines the ASN.1 type referenced in Table 2, column 3 for types where all the abstract values of thg type
have fhe "Basic=Interval Interval-type=D" property setting.

32.6.1 The DURATION-INTERVAL-ENCODING type is:
DURATION-INTERVAL-ENCODING ::= SEQUENCE { -- 8\bits for optionality
years INTEGER (0..31, ..., 32..MAX) OPTIONAL,
-- 5 bits for up to 31 years
months INTEGER (0..15, ..., 16.MAX) @GPTIONAL,
-- 4 bits for up to 15 months
weeks INTEGER (0..63, ..., 64..MAX) OPTIONAL,
-- 6 bits for up to 63 weeks
days INTEGER (0..31, ...,"32..MAX) OPTIONAL,
-- 5 bits for up to'31.days
hours INTEGER (0334, ..., 32..MAX) OPTIONAL,
-- 5 bits\fer up to 31 hours
minutes INTEGER (0..63, ..., 64.MAX) OPTIONAL,
-- 6.bits for up to 63 minutes
seconds INTEGER (0..63, ..., 64..MAX) OPTIONAL,

4 6)bits for up to 63 seconds
fractional-part SEQUENCE {
fumber-of-digits INTEGER(1..3, ..., 4.MAX),
-- 3 bits for up to three digits accuracy
fractional-value  INTEGER(0..999, ..., 1000..MAX)
-- 11 bits for up to three digits accuracy
} OPTIONAL }

32.6.2 The weeks component shall be present if, and only if, the years, months, days, hours, minuteg, and
secohds components are all absent.

NOTE ~This reflects restrictions that are present for the use of time elements in the definition of the DurRATION abstract value.

32.6.3 13 time element component of The abstract value 15 Zero, and d0es not Mave a fractional part, hen the
corresponding component of DURATION-INTERVAL-ENCODING shall be absent unless this time element is the least
significant time element in the abstract value. If a time element of the abstract value has the value zero, and is the least
significant time element in the abstract value, or has a fractional part, then the corresponding component shall be present
in DURATION- INTERVAL-ENCODING With the value zero.

NOTE - This ensures that the encoding is canonical.

32.6.4 The fractional-part Of DURATION-INTERVAL-ENCODING shall be absent if there is no fractional part of any
time element, otherwise it shall be set to the fractional part (of the least significant time element) as specified in 32.6.5.

32.6.5  The number of digits in the fractional part shall be placed in number-of-digits. If the number of digits is N,
then the value of the fractional part shall be multiplied by ten-to-the-power-N and the resulting integer value placed in
fractional-value.
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NOTE 1 — Decoders can recover the original fractional part from these encodings, including any trailing zeros.

NOTE 2 — This encoding has been optimized for the cases where there are only a few non-zero time elements in the abstract value,
and where the values of the time elements are small. Encodings of less than 16 bits occur in simple cases.

32.7 Encoding subtypes with the "Basic=Interval Interval-type=SD" Or "Basic=Interval
Interval-type=DE" property setting

This subclause defines the ASN.1 types referenced in Table 2, column 3 for types where all the abstract values of the type
have the "Basic=Interval Interval-type=SD" Of "Basic=Interval Interval-type=DE" property setting.

32.7.1 The START-DATE-DURATION-INTERVAL-ENCODING type is:

START-DATE-DURATION-INTERVAL-ENCODING {Date-Type} ::= SEQUENCE {
otcu t Datc Ty MC,

duration DURATION-INTERVAL-ENCODING}

and the encoding shall be the encoding of an instantiation of this type with the pate-Type actual parameter set o the
type gpecified in Table 2 column 3 of the "Basic=Date" row that specifies the additional property settings of all the
abstrgct values of the type. The start component shall be set to the start date and the duration component shall pe set
(as specified in 32.6) to the duration of the interval.

32.7.2  The START-TIME-DURATION-INTERVAL-ENCODING type is:

START-TIME-DURATION-INTERVAL-ENCODING {Time-Type} ::= SEQUENCE {

start Time-Type,
duration DURATION-INTERVAL-ENCODING }

and the encoding shall be the encoding of an instantiation of this type with the Time-Type actual parameter set o the
type gpecified in Table 2 column 3 of the "Basic=Time" row that specifiés’ the additional property settings of all the
abstrdct values of the type. The start component shall be set to the starttime and the duration component shall pe set
(as specified in 32.6) to the duration of the interval.

32.7.3 The START-DATE-TIME-DURATION-INTERVAL-ENCODING type is:

START-DATE-TIME-DURATION-INTERVAL-ENCODING {Date-Type, Time-Type} ::=
SEQUENCE {
start DATE-TIME-ENCODING {Date-Type, Time-Type},
durationDURATION-INTERVAL-ENCODING }

and the encoding shall be the encoding of an instantiation of this type with the bate-Type and Time-Type pctual
paranpeters set to the types specified in Table2ealumn 3 of the "Basic=Date" and "Basic=Time" rows (respectjvely)
that specify the additional property settings\of all the abstract values of the type. The start component shall be ]et (as
specified in 32.4) to the start date-time and the duration component shall be set (as specified in 32.6) to the duratjon of

the interval.

32.7.4  The DURATION-END-DATE-INTERVAL-ENCODING type is:

DURATION-END-DATE-INTERVAL-ENCODING {Date-Type} ::= SEQUENCE {
duration® DURATION-INTERVAL-ENCODING,
end Date-Type }

and the encoding Shall be the encoding of an instantiation of this type with the pate-Type actual parameter set o the
type gpecifiedin Table 2 column 3 of the "Basic=Date" row that specifies the additional property settings of all the
abstrgct values-of the type. The duration component shall be set (as specified in 32.6) to the duration of the intervpl and

the epnd.component shall be set to the end date.
32.7.1—mmmm TYpeE IS:

DURATION-END-TIME-INTERVAL-ENCODING {Time-Type} ::= SEQUENCE {
duration DURATION-INTERVAL-ENCODING,
end Time-Type }

and the encoding shall be the encoding of an instantiation of this type with the Time-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Time" row that specifies the additional property settings of all the
abstract values of the type. The duration component shall be set (as specified in 32.6) to the duration of the interval and
the end component shall be set to the end time.
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32.7.6  The DURATION-END-DATE-TIME-INTERVAL-ENCODING type is:

DURATION-END-DATE-TIME-INTERVAL-ENCODING {Date-Type, Time-Type} ::= SEQUENCE {
duration DURATION-INTERVAL-ENCODING,
end DATE-TIME-ENCODING {Date-Type, Time-Type}}

and the encoding shall be the encoding of an instantiation of this type with the Date-Type and Time-Type actual
parameters set to the types specified in Table 2 column 3 of the "Basic=Date" and "Basic=Time" rows (respectively)
that specify the additional property settings of all the abstract values of the type. The duration component shall be set
(as specified in 32.6) to the duration of the interval and the end component shall be set (as specified in 32.4) to the end
date-time.

32.8 Encoding subtypes with the "Basic=Rec-Interval Interval-type=SE" property setting

This qubclause defines the ASN.1 types referenced in Table 2, column 3 for types where all the abstract values of the type
have fhe "Basic=Rec-Interval Interval-type=SE" property setting.

32.8.] The REC-START-END-DATE-INTERVAL-ENCODING type is:

REC-START-END-DATE-INTERVAL-ENCODING {Date-Type} ::= SEQUENCE {
recurrence INTEGER OPTIONAL,
start Date-Type,
end Date-Type}

and the encoding shall be the encoding of an instantiation of this type with the pate~Type actual parameter set o the
type gpecified in Table 2 column 3 of the "Basic=Date" row that specifies the addjtional property settings of all the
abstrgct values of the type. The recurrence component shall be absent for an unlimited number of recurrences jin the
abstrdct value, and shall otherwise be set to the number of recurrences. The sgart’component shall be set to the staft date
and the end component shall be set to the end date of the interval.

32.8.2 The REC-START-END-TIME-INTERVAL-ENCODING type is;

REC-START-END-TIME-INTERVAL-ENCODING {Time-Type} ::= SEQUENCE {
recurrence INTEGER OPTIONAL,
start Time-Type,
end Time-Type}

and the encoding shall be the encoding of an instantiation of this type with the Time-Type actual parameter set o the
type gpecified in Table 2 column 3 of the "Basic=Time" row that specifies the additional property settings of all the
abstrgct values of the type. The recurrence,.component shall be absent for an unlimited number of recurrences jin the
abstrdct value, and shall otherwise be set to thexiumber of recurrences. The start component shall be set to the stant time
and the end component shall be set to the-end time of the interval.

32.8.3 The REC-START-END-DATE~TIME-INTERVAL-ENCODING type is:

REC-START-END-DATE=TIME-INTERVAL-ENCODING {Date-Type, Time-Type} ::=
SEQUENCE {
recurreqce INTEGER OPTIONAL,
start DATE-TIME-ENCODING {Date-Type, Time-Type},
end DATE-TIME-ENCODING {Date-Type, Time-Type}}

and the encoding. shall be the encoding of an instantiation of this type with the Date-Type and Time-Type pctual
paranfeters set to-the types specified in Table 2 column 3 of the "Basic=Date" and "Basic=Time" rows (respectively)
that specify\the additional property settings of all the abstract values of the type. The recurrence component sHall be

be set to the end date tlme of the recurrlng mterval

32.9 Encoding subtypes with the "Basic=Rec-Interval Interval-type=D" property setting

This subclause defines the ASN.1 type referenced in Table 2, column 3 for types where all the abstract values of the type
have the "Basic=Rec-Interval Interval-type=D" property setting.

32.9.1 The REC-DURATION-INTERVAL-ENCODING type is:

REC-DURATION-INTERVAL-ENCODING ::= SEQUENCE {
recurrence INTEGER OPTIONAL,
duration DURATION-INTERVAL-ENCODING}
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32.9.2 The recurrence component shall be absent for an unlimited number of recurrences in the abstract value, and
shall otherwise be set to the number of recurrences. The duration component shall be set (as specified in 32.6) to the
duration of the recurring interval.

32.10 Encoding subtypes with the "Basic=Rec-Interval Interval-type=SD" Or
"Basic=Rec-Interval Interval-type=DE" property setting

This subclause defines the ASN.1 types referenced in Table 2, column 3 for types where all the abstract values of the type
have the "Basic=Rec-Interval Interval-type=SD" Of "Basic=Rec-Interval Interval-type=DE" property
setting.

32.10.1 The REC-START-DATE-DURATION-INTERVAL-ENCODING type is:

REC-START-DATE-DURATION-INTERVAL-ENCODING {Date-Type} ::= SEQUENCE {
recurrence INTEGER OPTIONAL,
start Date-Type,
duration DURATION-INTERVAL-ENCODING}

and the encoding shall be the encoding of an instantiation of this type with the Date-Type actual parameter set fto the
type gpecified in Table 2 column 3 of the "Basic=Date" row that specifies the additional property settings of all the
abstrgct values of the type. The recurrence component shall be absent for an unlimited number of recurrences fin the
abstrgct value, and shall otherwise be set to the number of recurrences. The start compongnt.shall be set to the staft date
and the duration component shall be set (as specified in 32.6) to the duration of the inte€rval.

32.1012 The REC-START-TIME-DURATION-INTERVAL-ENCODING type is:

REC-START-TIME-DURATION-INTERVAL-ENCODING {Time-Typeh::= SEQUENCE {
recurrence INTEGER OPTIONAL,
start Time-Type,
duration DURATION-INTERVAL-ENCODING }

and the encoding shall be the encoding of an instantiation of this type with the Time-Type actual parameter set o the
type gpecified in Table 2 column 3 of the "Basic=Time" row that specifies the additional property settings of all the
abstrgct values of the type. The recurrence component shall be absent for an unlimited number of recurrences |in the
abstrgct value, and shall otherwise be set to the number of recurrences. The start component shall be set to the stant time
and the duration component shall be set (as specified {n32.6) to the duration of the interval.

32.1013 The REC-START-DATE-TIME-DURATION=INTERVAL-ENCODING type is:

REC-START-DATE-TIME-DURATION-INTERVAL-ENCODING {Date-Type, Time-Type} ::=
SEQUENCE {
recurrence INTEGER OPTIONAL,
start DATE-TIME-ENCODING {Date-Type, Time-Type},
duration DURATION-INTERVAL-ENCODING }

and the encoding shall be the-encoding of an instantiation of this type with the bate-Type and Time-Type pctual
paranpeters set to the types specified in Table 2 column 3 of the "Basic=Date" and "Basic=Time" rows (respecfively)
that specify the additional-property settings of all the abstract values of the type. The recurrence component shall be
absent for an unlimited)number of recurrences in the abstract value, and shall otherwise be set to the numiper of
recurences. The start component shall be set (as specified in 32.4) to the start date-time and the duration comgonent
shall pe set (as specified in 32.6) to the duration of the recurring interval.

32,1014 TheREC-DURATION-END-DATE-INTERVAL-ENCODING type is:

REC-DURATION-END-DATE-INTERVAL-ENCODING {Date-Type} ::= SEQUENCE {
recurrerice INTEGEROPT TUNAL,
duration DURATION-INTERVAL-ENCODING,
end Date-Type }

and the encoding shall be the encoding of an instantiation of this type with the pate-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Date" row that specifies the additional property settings of all the
abstract values of the type. The recurrence component shall be absent for an unlimited number of recurrences in the
abstract value, and shall otherwise be set to the number of recurrences. The duration component shall be set (as specified
in 32.6) to the duration of the interval and the end component shall be set to the end date.
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32.10

.5 The REC-DURATION-END-TIME-INTERVAL-ENCODING type is:

REC-DURATION-END-TIME-INTERVAL-ENCODING {Time-Type} ::= SEQUENCE {
recurrence INTEGER OPTIONAL,
duration DURATION-INTERVAL-ENCODING,
end Time-Type }

and the encoding shall be the encoding of an instantiation of this type with the Time-Type actual parameter set to the
type specified in Table 2 column 3 of the "Basic=Time" row that specifies the additional property settings of all the
abstract values of the type. The recurrence component shall be absent for an unlimited number of recurrences in the
abstract value, and shall otherwise be set to the number of recurrences. The duration component shall be set (as specified

in 32.
32.10

6) to the duration of the interval and the end component shall be set to the end time.

.6 The REC-DURATION-END-DATE-TIME-INTERVAL-ENCODING type is:

and t

recurrence INTEGER OPTIONAL,
duration DURATION-INTERVAL-ENCODING,
end DATE-TIME-ENCODING {Date-Type, Time-Type}}

he encoding shall be the encoding of an instantiation of this type with the Date-Type ard Time-Type

para

that specify the additional property settings of all the abstract values of the type. The recufrence component sh

abse
recur
comp

32.11
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same
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32.11
specil
colu

deter

32.11

that t:Le additional properties match those specified in one of rows 1 to 14. The applicable row 1 to 14 is called th

deter

32.11
the aq

determining row.

32.11

determining row, the-time determining row, or the main determining row (respectively) is row n.

32.11

MIXE

REC-DURATION-END-DATE-TIME-INTERVAL-ENCODING {Date-Type, Time-Type} ::= SEQUEN&E {

hctual

eters set to the types specified in Table 2 column 3 of the "Basic=Date" and "Basic=Time" rows (respectively)

all be

for an unlimited number of recurrences in the abstract value, and shall otherwiSe be set to the numiper of

ences. The duration component shall be set (as specified in 32.6) to the duration of the interval and th
bnent shall be set (as specified in 32.4) to the end date-time.

Encoding subtypes with mixed settings of the Basic propérty
ubclause specifies the encoding for the TIME type and subsets of that type whose abstract values do not all ha
Setting of the Basic property or for which there is no applicablexxew in Table 2 (for example, because of the
2.11.5 to 32.11.7). These types are defined using the ASN-=1¢types defined in earlier subclauses.

1 For all abstract values of the TIME type, there isiexactly one row of Table 2 for which the property sg
ied in column 2 match the property settings of the,abstract value, for all of those property settings that are lig
n 2. (The abstract value may have additional property settings not listed in column 2.) This is called the|
ining row.

2 If the main determining row is row:33; 34, 36, 38, 40, 41, 43, 44, 46, 48, 50, 51, or 53, there is a requir

ining row.
ditional properties match.these specified in one of rows 15 to 32. The applicable row 15 to 32 is called thg
4 In the DATE-TYPE, TIME-TYPE and MIXED-ENCODING type, the row-n alternative shall be selected if th

5 The encoding of the abstract value shall be the encoding of the MIXED-ENCODING type:

D-ENCODING ::= CHOICE {
row-1 CENTURY-ENCODING,
row-2 ANY-CENTURY-ENCODING,

P end

Ve the
ise of

ble accuracies — see 32.1.3). It defines and uses the typeS\DATE-TYPE, TIME-TYPE, and MIXED-ENCQDING

ttings
ted in
main

ement
e date

3 If the main determining rowis row 33, 35, 36, 39, 40, 42, 43 45, 46, 49, 50, 52 or 53, there is a requirement that

time

b date

40

—ToOW=3— YEAR-ENCODING;

row-4 ANY-YEAR-ENCODING,

row-5 YEAR-MONTH-ENCODING,
row-6 ANY-YEAR-MONTH-ENCODING,
row-7 DATE-ENCODING,

row-8 ANY-DATE-ENCODING,

row-9 YEAR-DAY-ENCODING,

row-10 ANY-YEAR-DAY-ENCODING,
row-11  YEAR-WEEK-ENCODING,
row-12  ANY-YEAR-WEEK-ENCODING,
row-13  YEAR-WEEK-DAY-ENCODING,
row-14  ANY-YEAR-WEEK-DAY-ENCODING,
row-15 HOURS-ENCODING,

row-16 HOURS-UTC-ENCODING,
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row-17 HOURS-AND-DIFF-ENCODING,

row-18 MINUTES-ENCODING,

row-19 MINUTES-UTC-ENCODING,

row-20 MINUTES-AND-DIFF-ENCODING,

row-21  TIME-OF-DAY-ENCODING,

row-22 TIME-OF-DAY-UTC-ENCODING,

row-23  TIME-OF-DAY-AND-DIFF-ENCODING,

row-24  FRACTIONAL-TIME{HOURS-AND-FRACTION-ENCODING},

row-25 FRACTIONAL-TIME{HOURS-UTC-AND-FRACTION-ENCODING},
row-26 FRACTIONAL-TIME{HOURS-AND-DIFF-AND-FRACTION-ENCODING},
row-27 FRACTIONAL-TIME{MINUTES-AND-FRACTION-ENCODING},

row-28 FRACTIONAL-TIME{MINUTES-UTC-AND-FRACTION-ENCODING},
row-29 FRACTIONAL-TIME{MINUTES-AND-DIFF-AND-FRACTION-ENCODING},
row-30 FRACTIONAL-TIME{TIME-OF-DAY-AND-FRACTION-ENCODING},

wheré
of the

32.11

FRA(Q
numb
time-

The n
32.11]

DATE

row-31  FRACTIONAL-TIME{TIME-OF-DAY-UTC-AND-FRACTION-ENCODING},
row-32 FRACTIONAL-TIME{TIME-OF-DAY-AND-DIFF-AND-FRACTION-ENCODING},
row-33 DATE-TIME-ENCODING {DATE-TYPE, TIME-TYPE},
row-34 START-END-DATE-INTERVAL-ENCODING {DATE-TYPE},
row-35 START-END-TIME-INTERVAL-ENCODING {TIME-TYPE},
row-36  START-END-DATE-TIME-INTERVAL-ENCODING {DATE-TYPE, TIME-TYPEY,
row-37 DURATION-INTERVAL-ENCODING,
row-38 START-DATE-DURATION-INTERVAL-ENCODING {DATE-TYPE},
row-39 START-TIME-DURATION-INTERVAL-ENCODING {TIME-TYPE},
row-40 START-DATE-TIME-DURATION-INTERVAL-ENCODING {DATE-TYPE, TIME-TYPE},
row-41 DURATION-END-DATE-INTERVAL-ENCODING {DATE-TYPE},
row-42 DURATION-END-TIME-INTERVAL-ENCODING {TIME-TYPE},
row-43 DURATION-END-DATE-TIME-INTERVAL-ENCODING {DATE=TYPE, TIME-TYPE},
row-44 REC-START-END-DATE-INTERVAL-ENCODING {DATE-TYPE},
row-45 REC-START-END-TIME-INTERVAL-ENCODING {TIME-TYPE},
row-46 REC-START-END-DATE-TIME-INTERVAL-ENCODING {DATE-TYPE, TIME-TYPE},
row-47 REC-DURATION-INTERVAL-ENCODING,
row-48 REC-START-DATE-DURATION-INTERVAL-ENGODING {DATE-TYPE},
row-49 REC-START-TIME-DURATION-INTERVAL-ENEODING {TIME-TYPE},
row-50 REC-START-DATE-TIME-DURATION-INTERVAL-ENCODING
{DATE-TYPE, TIME-TYPE},
row-51 REC-DURATION-END-DATE-INTERVAL-ENCODING {DATE-TYPE},
row-52 REC-DURATION-END-TIME-INTERYAL-ENCODING {TIME-TYPE},
row-53 REC-DURATION-END-DATE-TIME-INTERVAL-ENCODING
{DATE-TYPE, TIME-TYPE} }

main determining row.
6 FRACTIONAL-TIME is definedas follows:

TIONAL-TIME{Time-Type}:=SEQUENCE {
br-of-digits INTEGER (1.,MAX),
alue Time-Type}

umber-of-digité-encodes the number of digits in the fractional part of the abstract value.

7 The DATE<TYPE is:

-TYPE :$=)CHOICE {
row=lt CENTURY-ENCODING,
row-2 ANY-CENTURY-ENCODING,
row-3 YEAR-ENCODING,

L row-4—ANY-YEAR-ENCODING
NCODING;

row-5 YEAR-MONTH-ENCODING,

row-6 ANY-YEAR-MONTH-ENCODING,
row-7 DATE-ENCODING,

row-8 ANY-DATE-ENCODING,

row-9 YEAR-DAY-ENCODING,

row-10 ANY-YEAR-DAY-ENCODING,

row-11  YEAR-WEEK-ENCODING,

row-12  ANY-YEAR-WEEK-ENCODING,
row-13  YEAR-WEEK-DAY-ENCODING,
row-14  ANY-YEAR-WEEK-DAY-ENCODING }

the encoding of the type of each alternative shall be as specified in the subclause identified in Table 2, coly§mn 3

where the encoding of the type of each alternative shall be as specified in the subclause identified in Table 2, column 3
of the date determining row.
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.8 The TIME-TYPE is:

TIME-TYPE ::= SEQUENCE {

number-of-digits INTEGER (1..MAX) OPTIONAL,
time-type CHOICE {

wherg
of the

32.11

row-

33

33.1
when

33.2
and o
Intern

{joint
""/ASN
""PacK

{joint
"/ASN
""Pack

{joint
"/ASN
"Pack

row-15 HOURS-ENCODING,

row-16 HOURS-UTC-ENCODING,

row-17 HOURS-AND-DIFF-ENCODING,

row-18 MINUTES-ENCODING,

row-19 MINUTES-UTC-ENCODING,

row-20 MINUTES-AND-DIFF-ENCODING,

row-21 TIME-OF-DAY-ENCODING,

row-22 TIME-OF-DAY-UTC-ENCODING,

row-23 TIME-OF-DAY-AND-DIFF-ENCODING,

TOW-22 HOURS-AND-FRACTITON-ENCODING,

row-25 HOURS-UTC-AND-FRACTION-ENCODING,

row-26 HOURS-AND-DIFF-AND-FRACTION-ENCODING,
row-27 MINUTES-AND-FRACTION-ENCODING,

row-28 MINUTES-UTC-AND-FRACTION-ENCODING,
row-29 MINUTES-AND-DIFF-AND-FRACTION-ENCODING,
row-30 TIME-OF-DAY-AND-FRACTION-ENCODING,
row-31 TIME-OF-DAY-UTC-AND-FRACTION-ENCODING,
row-32 TIME-OF-DAY-AND-DIFF-AND-FRACTION-ENCODING } }

time determining row.

9 The number-of-digits shall be present in the TIME-TYPE if and only.if'the time-type alternative is
b4 10 row-32. It shall encode the number of digits in the fractional part.of the abstract value.

Object identifiers for transfer syntaxes

The encoding rules specified in this Recommendation | International Standard can be referenced and a
bver there is a need to specify an unambiguous bit string representation for all of the values of a single ASN.1

The following object identifier, OID internationalized resource identifier (with assignment of Unicode |
bject descriptor values are assigned to identify and‘describe the encoding rules specified in this Recommend
ational Standard:

For BASIC-PER, ALIGNED vafiant:
iso-itu-t asnl (1) packed-encoding (3) basic' (0) aligned (0)}
.1/Packed-Encoding/Basic/Aligned;’
ed encoding of a single ASN.1 type-(basic aligned)"

For BASIC-PER, UNALIGNED variant:
iso-itu-t asnl (1) packed-encoding (3) basic (0) unaligned (1)}
.1/Packed-Encoding/Basic/Unaligned™
ed encoding of a single’ASN.1 type (basic unaligned)"

For CANONICAL-PER, ALIGNED variant:
iso-itu-t asnly(l) packed-encoding (3) canonical (1) aligned (0)}
.1/Packed¢Encoding/Canonical/Aligned**
ed encoding of a single ASN.1 type (canonical aligned)"

For CANONICAL-PER, UNALIGNED variant:

the encoding of the type of each alternative shall be as specified in the subclause\identified in Table 2, colymn 3

ne of

bplied
type.

hbels)
tion |

{joint

iso=itu-t asnl (1) packed-encoding (3) canonical (1) unaligned (1)}

""/ASN.1/Packed-Encoding/Canonical/Unaligned™
"Packed encoding of a single ASN.1 type (canonical unaligned)"

33.3

defini

33.4

Where an application standard defines an abstract syntax as a set of abstract values, each of which is a value of
some specifically named ASN.1 type defined using the ASN.1 notation, then the object identifier values specified in 33.2
may be used with the abstract syntax name to identify those transfer syntaxes which result from the application of the
encoding rules specified in this Recommendation | International Standard to the specifically named ASN.1 type used in

ng the abstract syntax.

The names specified in 33.2 shall not be used with an abstract syntax name to identify a transfer syntax

conditions of 33.3 for the definition of the abstract syntax are not met.
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Annex A

Example of encodings
(This annex does not form an integral part of this Recommendation | International Standard.)

This annex illustrates the use of the Packed Encoding Rules specified in this Recommendation | International Standard
by showing representations in octets of a (hypothetical) personnel record which is defined using ASN.1.

Al Record that does not use subtype constraints

All AGALA -l H £ Ll ot +
L MOINL, L UTOUI I|JI.IUII Ul it 1tluUru struturT

The dtructure of the hypothetical personnel record is formally described below using ASN.1 specified in.Rec.| ITU-
T X.680 | ISO/IEC 8824-1 for defining types. This is identical to the example defined in Rec. ITUT X.690 |
ISO/IEC 8825-1, Annex A.

PersonnelRecord ::= [APPLICATION 0] IMPLICIT SET {

name Name,

title [0] VisibleString,
number EmployeeNumber,
dateOfHire [1] Date,
nameOfSpouse [2] Name,
children [3] IMPLICIT

SEQUENCE OF ChildInformation DEFAULT {} }
ChildInformation ::= SET

{ name Name,

dateOfBirth [0] Date}
Name ::= [APPLICATION 1] IMPLICIT SEQUENCE
{ givenName VisibleString,

initial VisibleString,

familyName VisibleString}

EmployeeNumber ::= [APPLICATION 2] IMPLIEIT INTEGER

Date ::= [APPLICATION 3] IMPLICIT VisibleString -- YYYYMMDD

A.1.2l  ASN.1 description of a record valuée

The value of John Smith's personnel record is formally described below using ASN.1.

{ name {givenName "'John’4initial "'P"* ,familyName "'Smith"'},

title "Director”,

number 51,

dateOfHire $19710917",

nameOfSpouse {givenName "*Mary"initial ""T"",familyName **Smith"},
children

{{name,{givenName ""Ralph",initial ""T"' ,familyName ""Smith"'},
dateOfBirth ""19571111"},

{name {givenName ""Susan",initial "'B"",familyName ""Jones"'},
dateOfBirth "'19590717"}}}

A.1.3] ~ ALIGNED PER representation of this record value

The representation of the record value given above (atter applying the ACTGNED variant of the Packed Encoding Rules
defined in this Recommendation | International Standard) is shown below. The encoding is shown in hexadecimal,
followed by a commented description of the encoding shown in binary.

The length of this encoding is 94 octets. For comparison, the same PersonnelRecord value encoded using the
UNALIGNED variant of PER is 84 octets, BER with the definite length form is at least 136 octets, and BER with the
indefinite length form is at least 161 octets.
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A.1.3.1 Hexadecimal view

80044A6F 686E0150 05536D69 74680133 08446972 6563746F 72083139 37313039
3137044D 61727901 5405536D 69746802 0552616C 70680154 05536D69 74680831
39353731 31313105 53757361 6E014205 4A6F6E65 73083139 35393037 3137

A.1.3.2 Binary view

So as to make it easier to read the binary view of the data, blank lines are used to group fields that logically belong together
(typically length/value pairs); a newline is used to delineate fields; space is used to delineate characters within a character

string; and an 'X' represents a zero pad bit that is used from time to time to align fields on an octet boundary.

IXXXXXXX

Bitmap bit = 1 indicates "children™ is present

00000{L00
01001p10 01101111 01101000 01101110

00000p01
01010p00

00000jL01
01010p11 01101101 01101001 01110100 01101000

00000p01
00110p11

00001p00
01000fL00 01101001 01110010 01100101 01100011 01110100 01101111 01110010

00001p00
00110p01 00111001 00110111 00110001 00110000 00111001 00110001 00110111

00000{L00
01001j101 01100001 01110010 01111001

00000p01
01010{L00

00000jL01
01010p11 01101101 01101001 01110100 01101000

00000p10

00000jL01
01010p10 01100001 01101100 01110000 01101000

00000p01
01010{L00

00000jL01
01010p11 01101101 01101001-01420100 01101000

00001Pp00
00110p01 00111001 001410101 00110111 00110001 00110001 00110001 00110001

00000fL01
01010p11 011161021°01110011 01100001 01101110

00000p01
01000p10

Length of name.givenName = 4
name.givenName = "John"

Length of name.initial = 1
name.initial = "P"

Length of name.familyNdme =5
name.familyName'sj'Smith"

Length of (employee) number = 1
(employee)\number = 51

Length-of title = 8
title =¥'Director"

Length of dateOfHire = 8
dateOfHire = "19710917"

Length of nameOfSpouse.givenName =
nameOfSpouse.givenName = "Mary"

Length of nameOfSpouse.initial = 1
nameOfSpouse.initial = "T"

Length of nameOfSpouse.familyName F
nameOfSpouse.familyName = "Smith"

Number of children

Length of children[0].givenName =5
children[0].givenName = "Ralph"

Length of children[0].initial = 1
children[0].initial ="T"

Length of children[0].familyName = 5
children[0].familyName = "Smith"

Length of children[0].dateOfBirth = 8
children[0].dateOfBirth = "19571111"

Length of children[1].givenName =5
children[1].givenName = "Susan"

Length of children[1].initial = 1
children[1].initial = "B"

00000101
01001010 01101111 01101110 01100101 01110011

00001000
00110001 00111001 00110101 00111001 00110000 00110111 00110001 00110111

A.1l4  UNALIGNED PER representation of this record value

Length of children[1].familyName = 5
children[1].familyName = "Jones"

Length of children[1].dateOfBirth = 8
children[1].dateOfBirth = "19590717"

The representation of the record value given above (after applying the UNALIGNED variant of the Packed Encoding
Rules defined in this Recommendation | International Standard) is shown below. The encoding is shown in hexadecimal,
followed by a commented description of the encoding shown in binary. Note that pad bits do not occur in the
UNALIGNED variant, and characters are encoded in the fewest number of bits possible.
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The length of this encoding is 84 octets. For comparison, the same PersonnelRecord value encoded using the ALIGNED
variant of PER is 94 octets, BER with the definite length form is at least 136 octets, and BER with the indefinite length
form is at least 161 octets.

A.14.1 Hexadecimal view

824ADFA3 700D005A 7B74F4D0 02661113 4F2CB8FA 6FE410C5 CB762ClC B16E0937
OF2F2035 0169EDD3 D340102D 2C3B3868 01A80B4F 6E9ESA02 18B96ADD 8B1l62C41l
69F5E787 700C2059 b5BF765E6 10C5CB57 2C1BBl6E

A.1.42 Binary view

Soastomake | i i i i i i ether
(typlally Iength/value pairs); a newline is used to dellneate flelds space is used to delineate characters within a character
octet

boundary

1 Bitmap bit = 1 indicates “children" is prpsent
00000fL0.0 Length of name.giveniName = 4
1001010 .1101111 1.101000 11.01110 name.givenName =¢"John"

000.00001 Length of name;initial =

101.0000 name.initial ="P"

0000.9101 Length-of name.familyName =5
1010.011 11011.01 110100.1 1110100 .1101000 nafpe.familyName = "Smith"
0.0001001 Length of (employee) number = 1
0.011¢011 (employee) number = 51

0.0001000 Length of title = 8

1.000100 11.01001 111.0010 1100.101 11000.11 111010.0 1101111 .%110010 title = "Director”

0.0001000 Length of dateOfHire = 8

0.110101 01.11001 011.0111 0110.001 01100.00 011100.1 0110001 .0110111  dateOfHire = "19710917"

0.0000100 Length of nameOfSpouse.givenName =|4
1.001101 11.00001 111.0010 1111.001 nameOfSpouse.givenName = "Mary"
000001001 Length of nameOfSpouse.initial =
10101400 nameOfSpouse.initial = "T"
00000fL.01 Length of nameOfSpouse.familyName ¥ 5
10100fL.1 1101101 .1101001 1.110100 1101600 nameOfSpouse.familyName = "Smith"
000.00010 Number of children

000.00101 Length of children[0].givenName =5
101.0010 1100.001 11011.00,111000.0 1101000 children[0].givenName = "Ralph"
.0000¢001 Length of children[0].initial =
.1010100 children[0].initial = "T"

0.0000101 Length of children[0].familyName = 5
1.010¢11 11.01401/110.1001 1110.100 11010.00 children[0].familyName = "Smith"
00001p.00 Length of children[0].dateOfBirth = 8
01100p.2.0111001 .0110101 0.110111 01.10001 011.0001 0110.001 01100.01  children[0].dateOfBirth = "19571111"
000001.01 Length of children[1].givenName =5
101001.1 1110101 .1110011 1.100001 11.01110 children[1].givenName = "Susan"
000.00001 Length of children[1].initial =
100.0010 children[1].initial = "B"

0000.0101 Length of children[1].familyName =5
1001.100 11011.11 110111.0 1100101 .1110011 children[1].familyName = "Jones"
0.0001000 Length of children[1].dateOfBirth = 8

0.110001 01.11001 011.0101 0111.001 01100.00 011011.1 0110001 .0110111x children[1].dateOfBirth = "19590717"
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Record that uses subtype constraints

This example is the same as that shown in clause A.1, except that it makes use of the subtype notation to impose constraints
on some items.

A21

ASN.1 description of the record structure

The structure of the hypothetical personnel record is formally described below using ASN.1 specified in Rec.
ITU-T X.680 | ISO/IEC 8824-1 for defining types.

PersonnelRecord ::= [APPLICATION O] IMPLICIT SET {

A.2.2
The v

A23

Ther
defing
follov

bits that are encoded as zero-bits; they are used to align the fields from time to time.

The

name Name,

title [0] VisibleString,
number EmployeeNumber,
datccﬂ :II 1~ [1] Datc,
nameOfSpouse [2] Name,
children [3] IMPLICIT

SEQUENCE OF ChildInformation DEFAULT {}}
ChildInformation ::= SET

{ name Name,
dateOfBirth [0] Date}
Name ::= [APPLICATION 1] IMPLICIT SEQUENCE
{ givenName NameString,
initial NameString (SIZE(1)),
familyName NameString}

EmployeeNumber ::= [APPLICATION 2] IMPLICIT INTEGER

Date ::= [APPLICATION 3] IMPLICIT VisibleString
(FROM("'0".."9"") ~ SIZE(8)) -- YYYYMMDD

NameString ::= VisibleString (FROM(""a"..""z" | "A".."Z" | " 2%~ SIZE(1..64))
ASN.1 description of a record value
alue of John Smith's personnel record is formally described below using ASN.1.
{ name {givenName "'John""initial "'P"" ,familyName "'Smith"'},
title "Director",
number 51,
dateOfHire "'19710917",
nameOfSpouse {givenName XMary" initial "T"" ,familyName "'Smith"'},
children

{{name {givenName ""Ralph";initial ""T"* ,familyName ""Smith"'},
dateOfBirth-19571111"},

{name {givenName-'Susan"',initial "'B"",familyName "*Jones"'},
dateOfBirth "'19590717"}}}

ALIGNED PER.representation of this record value

bpresentation of the record value given above (after applying the ALIGNED variant of the Packed Encoding
d in this Recofmmendation | International Standard) is shown below. The encoding is shown in hexade
bed by a commented description of the encoding shown in binary. In the binary view an 'X' is used to represe

Rules
imal,
Nt pad

ength, ‘'of this encoding is 74 octets. For comparison, the same PersonnelRecord value encoded usin

UNA

g the

| IGNED variant of PER is 61 octets, BER with the definite length form is at least 136 octets, and BER with the

indefi

A23
864
541
104

46

nite length form is at least 161 octets.

.1 Hexadecimal view
AocF68 6E501053 6D697468 01330844 69726563 746F7219 7109170C 4D61727

9

0536D 69746802 1052616C 70685410 536D6974 68195711 11105375 73616E42

AG6F6E 65731959 0717
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A.2.3.2 Binary view

So as to make it easier to read the binary view of the data, blank lines are used to group fields that logically belong together
(typically length/value pairs); a newline is used to delineate fields; space is used to delineate characters within a character
string; and an X' represents a zero pad bit that is used from time to time to align fields on an octet boundary.

1 Bitmap bit = 1 indicates "children™ is present
000011x Length of name.givenName =4

01001010 01101111 01101000 01101110 name.givenName = "John"

01010000 name.initial = "P"

000100xx Length of name.familyName =5

01010011 01101101 01101001 01110100 01101000 name.familyName = "Smith"

00000p01 Length of (employee) number = 1

00110p11 (employee) number = 51

00001p00 Length of title = 8
01000fL00 01101001 01110010 01100101 01100011 01110100 01101111 01110010 title = "Director"

0001 {1001 0111 0001 0000 1001 0001 0111 dateOfHire = "19710917*

00001fLxx Length of name©fSpouse.givenName =|4
01001j101 01100001 01110010 01111001 nameOfSpouse'givenName = "Mary"

01010{L00 nameOfSpouse.initial = "T"

00010Pxx Length.of nameOfSpouse.familyName ¥ 5
01010p11 01101101 01101001 01110100 01101000 nameOfSpouse.familyName = "Smith"
00000p10 Number of children

00010Pxx Length of children[0].givenName =5
01010010 01100001 01101100 01110000 01101000 children[0].givenName = "Ralph"

01010{L00 children[0].initial = "T"
00010Pxx Length of children[0].familyName = 5
01010p11 01101101 01101001 01110100 01101000 children[0].familyName = "Smith"

0001 [1001 0101 0111 0001 0001 0001 0001 children[0].dateOfBirth = "19571111"

00010Pxx Length of children[1].givenName =5
01010p11 01110101 01110011 01100001 01101110 children[1].givenName = "Susan"

01000p10 children[1].initial = "B"
00010Pxx Length of children[1].familyName = 5
01001p10 01101111 01101110 01100101 01110011 children[1].familyName = "Jones"

0001 [1001 0101 1001 0000 0144 0001 0111 children[1].dateOfBirth = "19590717"

A24

The rppresentation of,the record value given above (after applying the UNALIGNED variant of the Packed Engoding
Ruleg defined in this/Recommendation | International Standard) is shown below. The encoding is shown in hexadegimal,
followed by a<commented description of the encoding shown in binary. Note that pad bits do not occur In the
UNALIGNED variant, and characters are encoded in the fewest number of bits possible.

UNALIGNED-PER representation of this record value

The Igngth of l‘hIS encodlng |5 61 octets. For comparlson the same PersonneIRecord value encoded usmg the ALIC NED
variant-of PER 3 and B e Jength
form is at least 161 octets.

A.2.4.1 Hexadecimal view
865D51D2 888A5125 F1809984 44D3CB2E 3E9BFO0C B8848B86 7396E8A8 8A5125F1
81089B93 D71AA229 4497Ce632 AE222222 985CE521 885D54C1 70CAC838 BS8

A.2.4.2 Binary view

So as to make it easier to read the binary view of the data, blank lines are used to group fields that logically belong together
(typically length/value pairs); a newline is used to delineate fields; space is used to delineate characters within a character
string; a period (.) is used to mark octet boundaries; and an 'x' represents a zero-bit used to pad the final octet to an octet
boundary:
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1

000011
0.01011 101.010 10001.1 101001

0.10001

000.100
01010.0 101000 1.00100 101.111 10001.1

0000000.1
0011001.1

0000100.0

1000100 .1101001 1.110010 11.00101 110.0011 1110.100 11011.11 111001.0

Bitmap bit = 1 indicates "children" is present

Length of name.givenName = 4
name.givenName = "John"

name.initial = "P"

Length of name.familyName =5
name.familyName = "Smith"

Length of (employee) number = 1
(employee) number = 51

Length of title = 8
title = "Director"

0001 [[00.1 0111 000.1 0000 100.1 0001 0111

000011
0.01110 011.100 10110.1 110100

0.1010Q1

000.1¢40
01010(0 101000 1.00100 101.111 10001.1

00000p1.0

00010p
0.10011 011.100 10011.1 101011 1.00011

010.101

0001040
01010p 1.01000 100.100 10111.1 100011

0.001|1001 0.101 0111 0.001 0001 0.001 0001

0.00110
010.1¢0 11000.0 101110 0.11100 101.001

ooooy1

00010p
0.01011 101.010 10100.1 100000 1.01110

dateOtHIre = "19/1091/"

Length of nameOfSpouse.givenName =|4
nameOfSpouse.givenName = *Nary"

nameOfSpouse.initial = ’T"

Length of nameOfSpouse.familyName § 5
nameOfSpouse.famityName = "Smith"

Number of cHildren

Length gf children[0].givenName =5
childrenf0].givenName = "Ralph"

children[0].initial = "T"

Length of children[0].familyName = 5
children[0].familyName = "Smith"
children[0].dateOfBirth = "19571111"

Length of children[1].givenName =5
children[1].givenName = "Susan"

children[1].initial = "B"

Length of children[1].familyName =5
children[1].familyName = "Jones"

000.1

A3

A3.1

The
ITU-T

1001 010.1 1001 000.0 0111 000.1 O111xxx:

Record that uses extension markers

ASN.1 description of the record structure

tructure of the hypothetical’ personnel record is formally described below using ASN.1 specified in
[ X.680 | ISO/IEC 8824-1-for defining types:

PersonnelRecord.::= [APPLICATION 0] IMPLICIT SET {

name Name,

title [0] VisibleString,
number EmployeeNumber,
date©fHire [1] Date,
nameOfSpouse [2] Name,
children [3] IMPLICIT

SEQUENCE (SIZE(2,..)) OF Childlnformation OPTIONAL

children[1].dateOfBirth = "19590717"

48

ChildInformation ::= SET

{ name Name,
dateOfBirth [0] Date,
sex [1] IMPLICIT ENUMERATED {male(1), female(2),
unknown(3)} OPTIONAL
}
Name ::= [APPLICATION 1] IMPLICIT SEQUENCE
{ givenName NameString,
initial NameString (SIZE(1)),

Rec. ITU-T X.691 (02/2021)
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familyName NameString,

&
EmployeeNumber ::= [APPLICATION 2] IMPLICIT INTEGER (0..9999, ...)

Date ::= [APPLICATION 3] IMPLICIT VisibleString
(FROM(™'0".."9™) A SIZE(S, ..., 9..20)) -- YYYYMMDD

NameString ::= VisibleString
(FROM("a™..""z" | "A™."Z" | "-."") " SIZE(1..64, ...))

ASN.1 description of a record value

The value of John Smith's personnel record is formally described below using ASN.1:

A33

Ther
defing
follov

bits that are encoded as zero-bits; they are used to align the fields from.time to time.

The
UNA

{ name {givenName "'John"\initial "'P"* ,familyName "*Smith"'},

title "Director™,

number 51,

dateOfHire "19710917",

nameOfSpouse {givenName ""Mary"initial " T"" familyName ""Smith"},
children

{{name {givenName ""Ralph",initial ""T"' ,familyName ""Smith"'},
dateOfBirth *'19571111"},

{name {givenName "'Susan"'initial "'B"*",familyName "*Jones"'},
dateOfBirth ""19590717", sex female}}}

ALIGNED PER representation of this record value

bpresentation of the record value given above (after applying the ALIGNED, variant of the Packed Encoding
d in this Recommendation | International Standard) is shown belowi’ The encoding is shown in hexade
bed by a commented description of the encoding shown in binary. Jn'the binary view an 'x' is used to represe

ength of this encoding is 83 octets. For comparison, thexsame PersonnelRecord value encoded usin

Rules
Cimal,
nt pad

g the

|_IGNED variant of PER is 65 octets, BER with the definité’length form is at least 139 octets, and BER with the

racter

Record
sent

indefinite length form is at least 164 octets.
A.3.3l1 Hexadecimal view
40d04A6F 686E5008 536D6974 68000033 08446972 6563746F 72001971 0917034
61727954 08536D69 74680100 S52616C70 68540853 6D697468 00195711 1182005
7573616E 42084A6F 6E657300 19590717 010140
A.3.312 Binary view
So as|to make it easier to read the binary view of the data, blank lines are used to group fields that logically belong together
(typidally length/value pairs); a-newline is used to delineate fields; space is used to delineate characters within a chg
stringl, and an X' represents\a-zero pad bit that is used from time to time to align fields on an octet boundary:
0 No extension values present in Personne
1 Bitmap bit = 1 indicates "children™ is pre
0 No extension values present in "name"
0 Length is within range of extension root
0000 | ALxXXXXX Length of name.givenName = 4
01001010:01101111 01101000 01101110 name. gi\/nnl\lnmn ="lghn"
01010000 name.initial = "P"
0 Length is within range of extension root
000100x Length of name.familyName =5
01010011 01101101 01101001 01110100 01101000 name.familyName = "Smith"
OXXXXXXX Value is within range of extension root
00000000 00110011 (employee) number = 51
00001000 Length of title = 8
01000100 01101001 01110010 01100101 01100011 01110100 01101111 01110010 title = "Director"
OXXXXXXX Length is within range of extension root
0001 1001 0111 0001 0000 1001 0001 0111 dateOfHire = "19710917"
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